Declassified in Part - Sanitized Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017300120001-6

50X1-HUM

0\0
<

Next 1 Page(s) In Document Denied

Q”g

Declassified in Part - Sanitized Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017300120001-6



st L Declassmed in Part - Sanltlzed Copy Approved for Release 2011/11/02 : CIA RDP80T00246A017300120001 -6

- e R A R L e et

. - H £ -
L ¢ : R

e . - P
.. .‘..M AL ' e -2-
1 . . - Observational results
L : 3.1, Introduction
yd . . . '
4 : Proton Bowbardwent in Aurors . First suroral spectrs with brosdened hydrogen emission
!1-1 1.Gelperin i ] were obtained by Vegard in 1939 (1). Later observations of
Institute of Physics of the At ! L L K, (2,3) and K, H, snd IJ(%S) confirmed identification of
U.8.8.R. Academy of Sciences registered emissions as hydrogen linesf snd proved that borsden—
«BeB.R, .
Moscow ing is caused by doppler effect. Meinel (6,7) obtained
{ ‘ doppler profiles separately from magnetic senith and nagnetic
Summary xinstely along magnetic lines of force and it was confirmed direc.

tly by Glrtlnh? }hy sizultenecus spectrographing of fixed point
of the same homogeneous arg in magnetic zenith and magnetic ho-

The paper describes dcnlopunt, in odservations of recently

e

‘ . ‘ horison and showed that emitting hydrogen atoms are moving nppra-
discovered new type of aurora the proton aurora i.e. “hydrogen ‘
t

£1010" which systematically appears in the auroral zone oftenat’ rizon from two atations.

quist magnetic conditions and moves to equator with xising mag- 2. Morphology of proton bomberdment
astic disturbance. The hydrogen field 18"6early homogenecus wide / Sistematic hydrogen emission studies at the auroral and

—~—

band with borders along magnetic parallels. There is no other
osrtain evidence on concentration of hydrogen eaission in any
other dilti.net suroral firm. The magnetic senith enission profile
48 nearly coutnt possidly with only uinor variations. Published
data cannot serve to derive with optainty the height of hydrogen
emission dn hydrogen field and initial proton energy spectrum at
low energies.

The é&iscovery of proton aurora as distinot phenomenon
somplets the picture of particle domdardment in disturbed
Upper atmosphere and stresses the lack of understanding of

suroral ' accelerating mechsnisms.

e . i e,

: subauroral zone (9 - 12) showed that usually before local mid-

aight the region of proton bombardment shifts gradually from
sorth to the south (in the Northern hemisphere) and after local
aidnight back from south to north, though sometimes much more
oomplicated picture of repeated movements can be seen. Region of
proton bo-bardnant‘ "the hydrogen field” may be described as wide
band of nearly homogeneous brightness. The borders of this dand
lay epproximately along magnetic parallels (11) from horison to
Borison, Latitudinel spresd is at lesst up to 15° while the lo-
west observed value 1is about 1° (1f). To the north from hydrogen
fie1d (in the Northern hemisphere) the usual surors BXNITEISE 3
Fhectrommx tux m
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exoitated by electrons in 31mm. Regions of proton and elect-
_ Ton bombardment are usually separated by dark eaissionless dend
(11,12,13). Yor higher magnetic activity both these reglons move
to south (10, 12, 13, 14). But in suroral sone hydrogen emission
Say sppear during quiet magnetic field (9, 10, 15). mu oonclu~
sions are in good sgreement with esrlier statistical n-ulta by
Gartlein (16) and Montalbetts and Jones (15). With such picture
the majority of earlier observations of auroral hydrogen such as
by Vegerd (2, 3), Pen and Schulte (17), Omholt (18, 19), Romick
and Elvey (20) and others can be put into agreement.

Bometimes however hydrogen emission is registered simulta-
Beously with usual electron aurora. The regular picture desori~
bed above is disturbed especially during strong magnetic storms.
Eydrogen bombardment at zenith on low latitude stations is
registered much rarely than electron bonbardment. Apparently
hydrogen field is surrounded from the south as from the north by
Teglons of electron penetration (1a), Many measurements have
been made with the aim to find the enhancement of hydrogen eais—
sion in any usual bright sharp defind suroral form, dut all with

. us-un result (11).

In the auroral zone the hydrogen emission may be observed
Bearly every night with the ‘intensity of the Hy line at least
100 & (9,11),

inos: stridbut }

Neasurements of brightness distribution of bhydrogen enission
in the function of senith distance were made by different uthodl
(7, 9, 11, 19), But 12 the geographical extent of hydrogen £1014
at the aoment of obdservations is unknown, the brightness 'di.trl.L

bution messured from one

station can aot allow to construct
the height luninosity

distribution. For this

R

R .

-A-
aust be used precisgsimultaneous observations from & number of

stations or rocket measurements in Lg line similar to airglow
hught deternminations are needed.
Aoeord:l.ns 4o Rees (21) detailed photometrical tx-uns\llutlon
of typical hydrogen field gave for height of lmr edge 108 kn
-harp ntensiw decrease with height above latuun. But ob-
umtioml ‘method a.nd detaus are pot nantiomd.
1,4 Hydrogen line profiles .
Extensive observational material have shown that in over-
whelming majority of cases auroral hydrogen profiles are prac-
tically identical within observational errors.(3, 5, 6, 8, 9,
1, 19, 22, 23, 24, 25) Only some cases of “marrow” profiles in
magnetic zenith have been stated (8, 22, 23). Small variations
1n He and B, senith profiles such as different displacement of
intensity maximum, the rate of the intensily decrease in the
wviolet tail at least partly are due to contamination of hydrogen
rediation scattered from high magnetic senith angles and often
(especially with low resolution) hardly can be diac.rinimt‘ed.
from blending bands, Meanwhile some variations may be signifi-
unt; More detalled fast observations with high resolution are
-needed, -
In any cese, not & single magnetic zenith profile 1is pub~
1ished or stated with the intensity maximum in the energy range
P10uc

145 Belmer decrement
Some information may be gathered from Balmer decrement

of surordl hydrogen (relative intensities of Balmer lines) but
the l;uurenones he very difficult and there are still only -
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few data. Thege are descriffed in the following table.

b [ §
o . g_Author CIEe) TCHe) ‘T
i S Wemard (B) 27 . S ‘o '
3 ‘ “
«©f "y Galperin ( 9 )} & 1 ! o 2o
P 2.8 "1 Ue -
' 7 Shuyskaya (26) 1.9 . 1 d :
is ¥ - +, v )
¢ 8 Deehr (27): 165 0,3t 1 s - §

1,5.. Buccessive intensities given by Deehr ( 27 ) apparently
1ead to conclusion that'X ( Hu)/ I ( Hp )~ 2 in periods of

. “Zow intensity of (0,2) TNGK band, but that X ( Ha)/I (B )~

"~] during auroresl break-ups. All these measurements apparently

; weré not corrected for ‘contamination of hydrogen radiation

" acattered from directions out of line of sight. So any conclu-

_ slons about possible variations of Balmer decrement must be

. -postponed, .

-, .., , Higher Balmer numbers than Hy and Paschen lines have not

- been de_teci';ed for the presentwith seitainty.

i I.gtan;it_.z correlations

7 Many authors finded correlation between hydrogen lines®

. intensity and kigh-altitude forbidden atomic emissions 6300~
_=6364 {01) and 5200 {51 ] ( 5, 9, 13, 18, 20, 27, 28 ), but

. Bvlashin (10) obtained contrery result, Ivanchuck (28) showed

. /that mean intensity ratio of I ( Hy) /I [(0-BiNG) rises toge-
ther with Tatio T (5200)/T[(0-3C]. It was found (9) that in

A.thn spectra with hydrogen emission met only fordidden dut often

. permitted atomic lines are also relatively enhanced which makes
such spectra similar to ones of h.i.gh altitude type A red aurora,
and this was confirmed in (28).
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Vaisberg (29) by extensive studies with auroral spectrometer
howed that in hydrogsn field the i ties of all ng
enissions from ultra-violet to infrared regions are nearly pro~
portional to Hg intensity, But in um’ these with spectra
of electron surors some peculisrities may be found for example,
* . in hydrogen fields the relative intensity of Meinel bands of l.‘,’
4s lower and the intensity of 5004 FII is higher. The ratio
T (#y)/1 ((0,2)1% 1~1 1n hydrogen tields and may be wp to
1,5.
Same cases sre reported when the ratio I ( Hp)/1[(0,2) )
¥»1 ( 20, 233} and sinultaneously Hp senith profile become
*parrow” (23).

1.6; Direct measurements of auroral protons
In the IGY early in the 1958 two series of rocket auroral

measurements were p@rformed. In one series (38) in four cases

o !

energetic ionic (most prodably proton) beams were detected. Their
integral energy .spectra for energies more than about 160 kev. can
be descrifed by power law withj~-42 For enerjies less than about
160 kev. the spectrum is more flat. The ionic flux is Sotropic in
- the pitch-angle range from 0° to 75°. The most intense flux

(with steep energy spectrum) was detected in situation similar in .
description to hydrogen field. In the other series ( 3L ) in the
case also according to description similar to hydrogen field the
flux of the form J(>H= 2,5 (,{%’)-‘:_" soc = stag”!

was detected, Simult ground observations of Hp with surorfal
spectrometer showed Q ( E 7] )=6 <107 phnton/mzscﬁmtoml.‘-
auroral light registered by photomultiplier with $-11 spectral i
sensitivity curve as 0,05 l‘l, /cnzsec. S

R
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s Ta en_emissio;
t e 17 )
Whey s proton ‘beaa passes through a gas (or gas mixture) s
ber of 4n hanging el Y P take place which

1esd to srsation of tralstoms and negative ions. Practions of
the totsl soving besm with charges "+" , "o" and "-* gan e found
from equetions given in (32). SBome processes lead to sppesrsnce of
the excitad atoms. The H~ fraction of incident proton in the mole-
.oulsr aze%, oxygen and hydrogen beam do not exceed 2% and usually
its role {s not taken into considerstion though respective cross-
=sectiens sre not known.
The scet importent characteristic of proton beam emissivity

18 the Gejendence Fan' (v) of photon emission rate per incident
proton per unit diminition of velocity (or per atw-om path lenghh),
Unfortunetsly for the present there 1s no experimental datl\ on
¥on® detersination directly from pboton beam in upper ataosphenis
Shidtituenty 2a thewhode reglcx from 0,2 00 &Y Zeast PYey.The
excitatiog of hydrogen emissions was theoretically calculated by

) the equetisns of statistical equilibrium and lonisstion equilib-
rium ( logk 7)) with the use of the effective cross-sections oal-
sulated by Betes and his associstes ( 35,3 ) for proton besa in
stouic bydrogen and also with experimentally obtalned data for
protons is ssot, oxygen and air. The resulting carve for Fan' (v)
has drosd saxinum for By at the velocity of about 2000 km/sec

320 kev) and sherp decrease with the dimintion of velooity

t0 ~1000 ka/sec (~Skev).

[P SR S

The form of the Fun' (v) dependence may be evaluated in
snother way also. Suppose that proton is incident on atwosphere .
of pum,. - Ef;

p dsta on mumbBer of cap and 1loss cycles in e ‘
hydrogen besa 1a function of energy 92 in ssote are gives in
(33). The ratio of captures on the ¥ quentum level to all cap- Ef
tures for energies of 1 ~ 4 kev has been measured (§7), and is |
elose to theoretical values for H ¢+ H* (35) for such energies. o
80 for E>5 kev this ratic may be teken from (35). Such calcula- !""

¥

tiocn gives the Fan® (v) curve onlytrolnptmtro-lz on the
33 Jevel (1t seens that atmospheric gaz mixture will mot change !
this result significantly) with a brosd maxisum at E= 30kev and B,
the total nuaber O(where G ..f—f(') 4v) equal to 76H« quanta per , ’
incident proton of energy E >300 kev. Anslogous estimates of the L
position of the maxisum of Frn' curve can be made by the use of ) J:
sdisdbatic criterion of Massey, though validity of such estimates !
for excitation processes spparently have not been proved.

In short, ell the data shich use the excitation probability-
o8 by capture to excited state from (34) lead to sharp decrease
of excitation efficiency st low enargles (E<10 kev). But the
absence of direct | P 1 ts especially with ato-
sic oxygen mske this most important point somewhat uncertain.

rotons T8 tat:

A5 has been calculated (for exsmple see Chamberlain (38))tor
pure proton beam with the above mentioned FPun' function the Quan—~
tum intensity ratio Q (l,)/ﬁ (391#?’»0,3 for initial proton

ensrgies <100 kev and this ratio rises with the disinution of

o crorar 1
*7'Q (3914) 1s the quantum intensity of (0,0) band 18CE,* per

o per sec, Q (4709) 1is the same for (0,2) band.
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nitial proton energy. Taking Q (3918)/Q(4709)=17,5 (34) we have
Q (Ng)/R(4709)>5...¢ As described above even in usual hydrogen
£1614 this ratioc is abdout dnity (29) snd only in some cases (20,
23, 30) values much more than unity were re tered. This means
(of Geaet eomparaits)

mtwnhuwmnthumm@_:dlmiqw
stmospheric gases spparently is excited by electrons end pure
proton bombardment h’vox': Tere case, possidly comnected with

protons of especially low velooities (23).
223 Proton flux soisotropy

Another important charscteristic of proteon influx is the
pitch-angle distribution function B(S) (cu 2sec dster™ ). Using
¥ (0 ) (supposing it is independent of velocity) and Pmn' (v)
the formulae for the line profiles in magnetic senith, magnetic
‘Borison and intersediste directions may be derived ( 3, 38, 39).
It 4s evident £xcs sysmetry considerations that for isotropic
proton flux for @<90° per wnit solid angle on & unit square
perpendicular to magnetic force line ¥ (6 ) = const (or!™" -
g(o)xBsconst, where § (9] 1s the particle intensity) the form
of magnetic senith and magnetic horizon profiles colnaids (in
the intermediste directions a slight asysmetry will ve).
Sherefore the fact thettypical observed profiles in these two
directions are markedly different means that irrespective of
daitial p & spectrum the beam 1s anisotropic signifi-
eantly. Quentitative estimates of the N (@) function spproxime—
%ed by the foru N (0) = K cos "' @  ahow thet chserved pro-
files lesd to ~1€ N % 3. This may be compared with nearly

'[v i -10 - -

isotropic particle intensity 9(#) weasured from rocket (31),
that 15 n $£0, for E® 160 kev.

2+4, Proton energy spectrwm

As we have Do experimental justification that proton flux
anisotropy is independent of energy in the region E<100 kev
we cannot be sure that the full distribution function of proton

of vevielle ot
bean ¥ (%[6) permit the npu‘ntic.rnEh) supposition is ususlly
sade. Both an' (v) and ¥ (9) functions are needed for deriva-
tion of Y()ds —the velocity depeadent part of distribution
function. Assuaing the abovementiomsd form for Fun' (v) and N(8)
and taking Wu)di=const v;*e, %o & sharp cutoff st some
minimum velocity Vuim Chamberlain (34) shown that for V'>Vai.
observational profiles lead to 2s5s3 in the energy region of
order 10 § 1 kev. So comproaise distridbution function may be
written as
N(Uj8) dusd® = consl. cos®- U~ ulil o8

Jor energies E»100 kev the ensrgy spectrum is much more .
steep (31, 32) and variable. The emergy range 5 %50 kev for
the present epparently has not bees studied by any method. Ho-
wever some estimates could be made from comparison of simulta-
neous rocket and ground observatioms (32) if the registered Hg
profile was published. Supposing that the profile was of typical
form, it can be evaluated that as auch as 3 10° 1onl/cl2uc ser
with F>20 havﬁsht penetrate to swroral heights at the moment
of the experiment without being noticed by profile observations.
This is only sbout 3 times lower than extrapolation used in (32)
gives. But for lower energies of order of X kev the flux must
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exceed significantly that extrapolated in (32).
J.bigcussion

Phis last conclusion as other interpretation probleas for

PP

mlpl.o,ngnlnr (Iunx-ibution,the P of electron b
ment in-hydrogen field and so on dppend on assumed form of

Fon' §v) function. It must be mentioned that sharp low energy
cutoff in this function appear only because theoretical calcula-
tions for H®s H collisions (35) are applied to upper atmospheric
conditions, If for stmospheric gaz mixture the ratio of captures

‘to an excited state to all captures by proton does not vary so

sharply in the region 5 4-15 kev as the results of (35) iwply
the msxinum of Fan’ curve (see 24) may shift lisnuicantiy to
lower energies. If our present knowledge Q%) on the form and
sbsolute values of Fun' is completely wrong the scope of obser—
vational dats for the presemt (21, 25, 31, 32) cannot exclude
possidbility that typical hydrogen field emission is caused by
protons of energies of tens of kev.

In any case the maximum of proton differential energy
spectrum must lay in the region 1 2 30 kev.__r The hydrogen emis-
sion prodlea now may be analysed from different sides. The
height of maximus luminocity, the hydrogen emission cross sec-
tions in the region I'Aentloned above and especially direct expe-
riment on proton injection or proton registration in the upper
atmosphere would be decisive. The systematic seareh for hydrogen
enissign profile veriations and Q(Ws)/@(ves) ratic also may lead
to important informstion on proton bombardment.

I

E— e e S i e e e
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The following aspects of inoldent proton besm cennot es—

’ cape attention. Firstly, the position of maxisum proton diffe-
rentisl energy spectrum is similer within an order of magnitude
to one of suroral electron spectrum and it 1s hardly a fortui- ! !
tous coincidence. Secondly, protos spectrum in comparison to
suroral electron one typically has long high energy tsil wp to
some hundr.ds of kev which possibly signifies to accele- { -
ration of protons in the upper atmosphere by some analogr to ; i
Fermi acceleration(for example Ly hydromagnetic waves) and not
by electric field. It is clear that the wide energy spectrum
and q.en‘utic geographical picture of proton bombardment is : —
in harmony with the idea of their local acceleration in the
upper atmosphere but not with their penetration to suroral
heights directly from selar stress. i

The discovery of sistematlc picture of proton bombardment
moans that the sense of # etissdurors’ must be precised as low
energy particle bombardment of upper atmosphere but not only
distinct easily visible bright formations. Usual all-sky and
other auroral morphology studies deal not with gaors in gene-
Tal but only with bright sleotron surora while proton surors to
with its low emission intensity 1s g distinct and reparkadble
upper atmospheric phenomenon completing the picture of upper

tmospheric disturb It io# especislly important for general

o r e
—-—

e

suroral theory.
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G.S. IVANOV-KHOLODNY

THE ROLE AND THE SOURCE OF PARTICLES IN ICNOSPHERE AND
AURORAE FORMATION

(Survey)

OGarpusciles of various kinds were found in the upper i
&tmosphere by means of rockets and satellites. Recently many ‘
Dapers on this question have been writtem, They are
investigated by different methods and in various aspects,

ﬁ. present survey deals oaly with corpuscular fluxes, which

; . eemeist of electrons and penetrate into a considerabls atmoe

sphere depth, These, corpuscular fluxes are likely to be of
great importance i causing ionosphere events and aurorae,
Wdle studying such corpuscular fluses thers arise principle
uestions, concerning their source and origin,electrons
Scceleration, and conditions of their penetration into the
atmosphere what ig connected with the ionisation (phenomenon,
simusphdvs and u‘ﬂ'-’.’.‘.,’ﬁ'.. of the atmosphere. Many of these
importanst prodlems has not been solved Jeot, 'th.rarotc it is
of grest importance to draw attention to ghem.

. cuamt
The first prodlem of the upper atmosphere physics“:

the % was the explanation of auroray. However

. the problem is still not solved though many «'sgtions connect.:
with the upper atmosphere, which were raisea . ¢ lonz ago and
908e of them quite recently, has been solved, Aurora® bawe

Teeulme
“thelr maximun and intensity in the region of

Approved for Release 2011/11/02 : CIA-RDP80T00246A017300120001-6
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20-25° Just round the goo-natie Poles, but they differ
greatly in form, their slight glow is sometimes observed at x
rather low latitudes /I,2/. It was observed long ago, that i
_ istensive surorse ocour approximtely a day after soler flare
. and generally aurors Sctivity correlates with golar sotivity
Mmmﬂudmuu-ohruuﬁty. On the other
head, surorss occur simultaneonsly with gecmagnetic storms
.llmﬁunthchuvntnumotﬁuw. what
akes us consider them to be & global geophysical phescmeaoa.
These features stipulated the search of a theory, which

i@mh&mnmb’mo{cﬁqumh

fluzes, coming to the Barth from the Sun. The first such
mmmantny&ﬂamnﬁudnuomw >
St¥imer and Vegard. ﬂuthomu-«ltounlnu
q-uum- explanation to -aurorel  soneg Josatbon and
their comnection with geomsgnetic disturtances.The
trejecteries of charged particles Sobements in the

Beguetic field were sgudied in detail. However, thls theory
i its orijinal form at close examination could net give a
satisfactory quantitative explanalitom to such facts se
particles spread ia the interplasstary medium from the Sum
te the Barth, particles ability tdbvercome the magnetic fiel
®ad the earth atmosphere, peculfities of particle effects o
the geomagnetic field and nature of the latter uruum,ls
excitation of typioal aurorae glows, ete. cn.‘p‘. Perraro
and Martyn, Bennett and Hulburt, Alfvea, Petukhov and other
developed the theory. These theories will not be discussed
here as their rather detailed criticiss survey was recently

-~y !

- ..,
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Siven by Chemberlain /3/. Omtng to great

difficulties arous:
¢xplaining suroree and gecmagnetic ’

a Nowndpys, it became clear fyom other different data,
Surorse are exoited by untm‘nm‘ with the onergy
of 10 MVand less /4,5/, theretore the theory should explain
the
origia of guch ¢lectron fluxes, Apparently, at Present th

'“.-f'- and the source of s0ft eleotron fluxes, which oxoit:
Surerse, their comnectéen with solar Svenss;geomagnetio
Sterme, and other phencmena, . :
’ u-.- earth artificial sattelites and rockete investige-
result oarth redis oongist
. ed u.mu... the tiom belts, 42
electroa and protoa fluxes, which are advanced in high
Seomagnetic latitudes, aaturally, there 8o 2eds am attempt
; %o commect aurerse origin with thege belts.
Is 10 interesting,
belts bad beed revealed W
explaiaing magnetic storms
from the Sun

that a year before the ogrth radiat,
Singer /6/ while developing s theor
and aurorse by shock wave coming
» Suggested a trap Sechanism of charged particles
in Stazmer prohibited fccording th .StSrmer reyica of the

otic field, He indicated herewith that particles
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with ssall pitch angles could resch. deep atmosphere layers
aad cause surores, night air glow, sad icnosphers iomisgtiocm, ‘
After tlu rediation delts were revealed ancther soumes of

their trepped particles wesle suggested. The most popular was
the hypotheses of the belts formatiom dus to aldedo meutreas
dscay, suggested by Singer /7/, Vernev et sl. /8/, Kellegg/9/ i
and Hess /I0/. This hypothesis was déveloped in detail by & mumin
mumber ef investigssors in I959-1960 /II,I2, I3,I4/ aad later
3y ethers.
i Theoe izvestigations resulted im obtaining inteasity
detridution in space, energy spectrum, and distributios ef
trepped particles velocities, caloulsation of their 1ife Sime
and discussion of the most probable Ways of particles leskage
10es from the radiation delts. It was us well indicated that
albeds neutrons decay could be a souros of only the ianser mere
stable redistion belt. While consideriag the comnection ef the
earth rediation belts with aurorse, let us pay atteniios te
Mypetheses explaining the outer redistica belt. Note hewever,
that lately Pi3ella /T5/ detected sppreciable redistion isteasi-
ty varistions in the inner radistion delt following imtemee
ekromospheric u‘::t"c. ‘nese varistions are o great , asd
characteristic time of normal resterstiocn imtensity level

is s short, that there sppear serious grounds doudt that omly
seutron source contridbutes to the inner radistion belt.

A good stimulus, but simultanecwsly a touchstéme for

theories of the radiation belts origia §8d parvisles 1688 |

from the belta was the investigation ef their connectios with

aurorse and the earth ionosphere.
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1 ta] data on the relation of th. ati
‘ Beits to AURORAR
A

) One of the reasons which made some of the scientists
think of & certain connection between the radiation belts and
- surerse (Van Allea /I16,I7/, Rode /18/) was the detection of
the close ppprogeh of the aurors latitudes to the outlet of
magnetic lines of force from the outer radistion belt, V.I.
Kresmevaly ot al. /19, 20/ ted the of the
radiation belts in the high lstitudes with the atmosphere
heating and gxpangion above these regions. The electron fluxes
Seasured in the outer radistion bdelt seemed to correspond to
surers electron nux-.-. The first measurements radiation intenss
ty fluotustions in the lower belts 21/ demonstrated that
these correlate with solar, magnetic and ionospheric activity
Amnuu suroras. It seemed natural, that in course of
gosmagnetic disturbamaes, when the general pattern of the

goomagnetic field is ':1.:;::# the perticles are able ‘to lsave
the radiation belts. Muto 4 . earth atmosphere
layers they could cause aurorse radic 1onutton- in
the lososphere. ‘herefore at first radiation belts due to axts~
various qualitative ideas, were considered to be s natural
source of surorae . Then there appeared theories , which

- cuaoetod' the outer radiation belts formation with solar cor—
puscular fluxes, I.S. Shklovaky et al /II/, Reas and Raid /22/,

- Declassified in Part - Sanitized Copy Approved for Release 2011/11/02 :
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8.B.Pikelner /23/, Gold /24/. Thowgh these suthors differently
treated the predlems of particles aad plagma clouds consigt-
ing of solar corpuscular fluxes trapped by the geomagnetic
field, they left unsolved another impertant problem = energy
trausfer from slow ions of corpuseular fluxes te fast
electrons of the radiation belts.

Purther investigations concerned not only thecretical
researchs specification of the partigle trapping and scaelre~
$icm mechanism on the ome hand, and ea the other - findisg
out the mechamism of particles 10es from the .m“ and
the particles life time, but also en acoumulation of experiment
al data of the spectrum sad intensity of a particled at wmytex
various altitudes, sngulsr distridation effheir velosities,
variation with time and correlatios with different phenomena,
Lot us consider these works in detail,

Cengiderable variations of particle fluxes intensity in
the belts during gesmagnetic storms are cne of the most etrikin)
display of close connectiom of mluu belts Illtl
geemagnetio field. lom'o ot al./29/ Lavestigations o=
Exploref IV and Arnoldy's et al. /26/ investigations on
Bxplorer YI convincingly showed, thas in the course of 8
geomagnetic stormd development radiation in the belts
considerably decreased aad after the storm it is mot oaly
restored but it became more intensive than before the storm.
During the storm the outer radiation belt profile and

§.

L 1{4
dimengionsVas'well as the energy spestrum of the particles, mhdt

which dmriagxxiksxstsrm became more rigid, during the storm.
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A1l this points to the complication of the mechanisms

of loss und replenishment of particles of the delts.
Alongside the discussion of possibility to peplenish the outer
belt dus to solar corpuscular fluxes,in /26/. there was made
a moltfol. that particle flux variations in the belt could b
be coanected with varistion of atmosphere density at high
altitudes during geomagnetic storms, when some precesses,
accelerating the particles in the atmosphere are injensified.
The fact that the upper atmosphere density is controlled by
the solar sstivity /27,28,29,30/, can also give an

explgnation to the observed in the outer sone radiation
intensity variation with solar activity,

When the positiém of the radiation delts in the earth
magnetic field was investigated precisly it was revealed, that
magnetic lines of force, going out of the outer radiation
belt, reached the latitudes, which did not coinside with aurora
segions, the most striking differenee was marled ia the .lﬁl'
Southern hemisphere. Thus, only the outmost parts of the
rediation bdelts are able to provide particles to excite
surorse. Certain difficulties arise when one tries to explain
surorse excitation due to imxthmxhsitaxixwingxgesmagzatisx

2. e 2 ey 3,

ofxik amitgxandxzeamagaatizxfintd 3 xR 2itgrskat.
a5t xRapk X¥xaxk the particle less
from of the outer belt, as it should be agsumed that there is P

aEzastisn

- 4 another cae

: i particles in the rsdiation belts
) spectrum particles of

the outer cne. Meanwiile Argus experiments showed, that
trapped particle shells appearcd to be very stable ia time,
-- and particles treaemission from one magnetic shell inte
another geomagnetis latitude is not sbserved.
The dasis assumptien, that the inteasity and speotrum
nd to the inteasity
: tally
I Here, 1% was important to sempare osrpuscular fluxes Beasure-
. Bents, ogrried aut by rockets, at abemt I00 km altitude with &
these of the rediation belts, partiomlarly ef their lowsr part
Let’s consider this problem in detail, as it is of principle
imfértance for the theeyy,which could give an explanstion to
i the excitation of surorae glow and iososphere ionisstion.

» was also tested experi

! 11 ta '
12 ke Imeegchere spd iz fucorss
Though many experimtnts were oarried out on rockste amd
satellites, instrumented for penetrating radiastion measurement
&t present only few data of the intensity and wﬁ spestrum
of the corpuscular radiaticn, penetrating the icnosphere sre
available. This fact is comnected with the followings shea
the earth rydiation belts were discovered all the sttentiom
wes dram to the investigation of the meximes? the belts
and finding their outer boundaries, becasuse these data
were of great importance for estimatisg radiation hasard for

particles trangition from the central part of the zone to

WpwE Tlighta (compare /36/), In the present survey oa the

17T SOHLEErY we are interesped in the lowest part of the

" rediation sones, penetrating into the ionosphere and
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Declassified in Part

A - interscting with 1t, ‘he 1onosphere and suroree are
situated considerably lower then the belt meximum, whioh is =t
situated at about 3000§-4000 = altitude above the equator,
Nuﬂuh‘.‘hlluthdu-lmnph ~500 kn,
Van Allen and his colladborators were the firet who by

Reans of rockeds. in 1953 found corpuscular radiation in the
- upper atmosphere at comparatively low altitudes § ~ 100 h)..
Penetrating radiation Was recorded by means of relatively tiktn
thick-wallled (0.I - 0.4 (/0!’)_. Goiger counters at the

~ 50 km altitude in the polar regicn by Naredith, MoDenald,
Kllis, Ven Allen ¢A./37,38,39/. e suthors beleived tngs !
ﬂmmmﬂumn»tmﬁwmuwot >1 Mev
their flux being (according to the isotropic sssumption) '

~ 10 - 20 olntm-/uzleo. These results were confirmed b’!
the data, obtained with the use of & scintillation counter /42
At low altitude of about 50 km corpuscules offect only nnghtlyk
eoatriduted to the cosmic ray backgreund, but at the 100 kn ‘
Altitude s thin - walled coumnter recorded radistics times
88 intensive, as cosmic reys. The investigations of 1953-1955 '
Showed that the corpuscular radiation fluctuates with time ‘
very muck, it has clearly pronounced latitudinal varsations
with their marimum at the geomagnetic latitude 65-70°, 1.,
colmide with the maximum sone of aurerse. Thais proved that
corpuscules had electic charge,

SRR

s

¥ Ao K

. phospher Ca ﬂ4 (M), In /44/ it wee indicated, that
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Purther investigations by Van Kllen carried out by means
of sointillation counters /43,44,45/ showed that the whc.t,
oorpuscular rediation consisted of electrons with the amergy,
mainly, I0-I00 kev (at least <£200 kev). In the corpuscular
rediatica sone meximus the electroa flux was I0°-10%
electroas/on’ses (energy flux .I-0.62 mluzm.). these
electrens decelerste at the 90-II0 b altitudes, snd produce
Wremstrablung I-ray radiation with the intensity of %07 - 07
o8 %003  reaching the altitudes of shout 50 km, and sometimes
wp e 25 kn /46/. LeA.Antonova'scet al./47,48/ reparted, thas
& flux of slectrons of I-5.10"2 erg/em’sec steradians, the
eergy spectrum maximum of which being equal ts I0-40 kev,
was recorded by means of fluoresceat screens with phosphor
SaS(Ag) at the 70-I00 km altitudes im the Middle latitudes
and in the polar region. These results wers recently confirmed
by 2% Kasat ot. al §49), ke made meagurements at the
same altitudes using some other methed: thermoiuminescent

eerpuscular flux intensity at the period of the maximum solar
sativity in 1957 was 3 times of that of in I953-53. ’

All these experiments, carried eut ok rockets probably
point out that at the 70-200 km altitude there 1s &
permanent electron flux with effective energy - 20-50 kev.

‘The electron flux apprecially Yluctestes in time, its variation

[EERREY PRI

Declassified in Part - Sanitized Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017300120001-6




being probably I-2 arder of magnetude. The energy of the flux
somes to & considerable value - about 102 orslcl2 sec.
.stersdians, aad in the aecmegnetic latitude 67° 1t reaches
ite maximum about I = 0.1 u-;/«:n2 sec. sterad.

Considerable variation with latitude of the meagured
corpuscular flux intensity with a sharp maxizum at 67° of
the geomagnetic latitude, lying in the suroral sones (similar
results were obtained for the Southern polar region /45/),
and high intensity of the radiatien, comparable with the
ensrgy which surorse emitted in the visual part of the spectrum
made Van Allen believe, that it 1s the corpuscular radiation
that ocauses surorse and it is somehow connected with them,

fazerse Klectron Fluzes “ssguressnte by Heane of
Beckets and Sgtellites
Istensive corpuscular fluxes /44/, penetrating extwemely
deep into the lm.pl;on 745/ were recorded by the rockes
fired on I4.YIII-57 into the luminous features of the

surorse.

Then several rockets have been fired into lumimous
features of aurorse to measure the pru%t;rpuculu- flux
and its spectrum, The results of ion and electron fluxes
measurements 1n diffusive surorse forms of intensity class I,
carried out on the rocket launched on Pedbruary 2I, 1958 and
in the uuv%f the aurorae = oa Pedruary 25, 1958, were

reported in Mcllwain®s papers /50,51/. Corpuscules with the

oF

i
i
i
i

i

L

energy 17 = 20 kev were recorded by means of a scintillat-
- iom counter with nl.ntﬂ.}ntor Csl, in front of which electro-
magnetic spectral analyser.. were installed. Electrons were ;
first recorded at the 80 km altitude{the flux was O.I
erg/on? sec stersd) ind at the meximm altituds of 120 km
the flxx was I.6 * 10%° electrons/ca’ses . The main part
of the energy falls oa soft electrons with the energy <10 kev.
Klectrons energy spectrum in the energy region of 3-30 kev
ws oqual to 2.5 * 1096 75 () eotrens/cnZeec, and the
Wmnuh‘boutmm/azmhthumun L
glew, Besides there was recorded a flux of protons of 80-250 km
kev with the fellowing spectrum: j(>E)=
22,5 10 oxp { ¥ xev ] protna/m?sec stered. ena
with the tofal flux v 1.5 « 107 pretons/ca’sec. Almost
moneenergetic electrons flux with the energy about 6 kev and
with the maximum flux sbout 5 « 107° skectrone/cm?ses steard
 ~ 2000 erg/en’see) /51/ was recordsd in the active are of
aurera, Rfficiency of electrons energy conversiom in light
nergy gindm 4n the atmosphere is sbout 0.2 per.ocent.
. This important coeffioient makes it possidle to estimate
electron flux in various surorae ocourences according to
visual estimate of their intensity.
Rapers by Meredith et al /52, 53/ inform of three
Tocket launchings into the luminous surorse arce on Jamuary |
25, Narch I5 and 22, 1958, Geiger cousters, proportisal, .. ..

impulse and scintillation counters were installed on the

CIA-RDP80T00246A017300120001-6
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rockets. That allowed to measure not only s flux of corpuscules
but also their energy spectrum.

When the rocket passsd through luminous formstions of
auroree & flux (up to 5 org/a"’ue) of compargtively soft
electrons with the energy adove 3 kev was recorded. Some data

about electrons energy spectrum were obtained in th; work: so '

electrom flux with the energy 2 8 kev was IO times as intenge
48 @n electron flux with the energy above 35 kev, Besides, here
as well as in /50,51/ there was recorded sa lon flux of ~1I0°
particles/on?sec stersd.the energy flux of which was by 2 erders
of maguittde less than that of the electron flux. At the
altitudes below IO - I40 km there '.. oburnd the decresse

of dom and electron fluxes and 4 et isotropic angular
distridution of particle velogity. It was noticed, that the
electron flux above I40 km was not oonstant and in one of the
experiments, had 3 maxims corresponding te 3 moments when the
zecket got into suroral rays. Contrary te electrons which were i
net ebserved outside the regions. of auroral display, ions

’m found in the upper layers irrespective of IIIN!.'I... It is of
impertance $¢ mark, that up to the 178 km sltitude electrons witd
small energy of 30-I000 ev withfin the accursey of
10%a"?s00"Lateraa T nave not deen found.

i imteresting result has been obtained on Explorer YII
/54/. waere At the 1000 ka altitude, when the satellite was
passing fust above the suroral arc (if the satellite trafectory
1s profected along the magnetic line of force) there was recorded
an extremely powerful corpuscular radistion flux (210%rg/caleec,

t

i

.

The recorded corpuscular radiation, as well as in suroral
reglons, was unusually soft (the retio j(>30 kev)s/

/j (>70 Xev) was 27:1 1nstead of wsual I4:I). Angular
distribution of particles velocity was. such,that the
majerity of the particles should have been absorbed in the
atmosphere after several hundreds of oscillations §for adout
8 fow tens of minutes). Intensive corpuscular flux was alse
ebserved, when the satellite was passing above a long snd wide
surerel arc glewing in the lime 6300 &, the corpuscular
rediation intensity decreasing in time in course of the
surery $low dying smy.

Beceatly on Explorer IIT and Injune I O'Breim et al
/55,56,57/ obtained new important dsts about trapped particles
flux and spectrum in the lower and central parts of the
rediatiocn belts. Earlier electron flux values
10™T ca~2500"I( B 320 kev) for the outer radiation belts
appeared to be highly overestimated. The most recent dats

% the o:lootron nn: § :&k:‘;:‘gl’l.:ci”&ula the®
IM - “
onlaune I an electron flux with R 240 kev
comprises | -Io‘eizm md sccordiag to one sointifiticn
counter measurements the total energy flux for B 2I kev is
equal t0~TI0 erg/cmZesc. sterad., aad ding to anoth
cne -~10‘m/el2nc. sterad.

¢+A.

u-tu in the Zollowing o

Table, Table L.
B kev 340 45-60 80-ITo  II0-I600 1600-5000 5000
j g-zm.x~loa 9.107 0.10’ (10a 2.105 e IO, M-.a»ﬂ—!

Declassified in Part - Sanitized Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017300120001-6




Declassified in Part - Sanitized

- I5 -

In those fluzes.tsh small piten angles valuss awe—tres, that
the majority of thoge ®lectrons should pass from the I000Km
altitude to £ 200 km , snd being there obsorbed, they ceuse
&8 aurora. It is likely, that it wag those fluxes with whioh
one connected the observed during IGY almost continuocus
deffusive Surors, glowing on the whole 8ky /5/« The value
varies considsrably with time and geomagnetic latitude, forming
8 wide peak at ¢ = 50° and in the auroral sone. At higher
altitudes the spectrum of electrons is as a rule steeper,
1.e. bere in the elcetron flux there predominate softer
oerpuscules. In auroral sones j varies far & few seconds by
an oxder of magnetude, what corresponds to the distance of
soveral tens of km covered by the satellites. It is sppropri-
ate to remind that the first investigations of soft
oorpuscular radistion carried out by Krassovski et.al /58,19,
20/ on the 34 Soviet Satellite by means of a luminescent =m
dodedter, revealed just the sane peculiarities of corpuscular
rediation, ‘
The most suitable instrument, which has been used up till
Row, and in_tended for corpuscular redistion studies, is '
& luminiecent screen combined with photomultiplier,
described by Krassovski, Kushner, and Bordovsky /59/.
Measurements with the help of fluorescent screen, made out
of Zn3(Ag), which was particularly sensitive to soft electrons
_ Were carried out on n;o 3d Soviet Satellite, where there were
_.Obtained valusble results,

«

though satisfactory Reasureaents

Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017300120001-6

" were very few (only one revolution om May 15, 1958),

1ike dfetridutions pf particles velocities was confirmed by Van

" there were put forward some oouider;tim concerning great

- e e, e aa

- 6 -

because of
the instrumeats almost ajl the time were scaled off (60, 58, I9
20/o The threshold of the instrument Sensitivity to the electrons
( = Io kev) was the lowest of all wsed befors. The lowest £
intensity has deen recorded above the geomagnetic equator in
the inner radigtion belt at the I300 km altitude (in the .
Bastern Hemisppere). If the energy of electrons was about 20 kev,
their flux was 10" Ma/custorad = 6.10* electwons/casec stersd
/19/¢ On Moy I5 st night the 3d Sateliite pagsed above the
Pacific Ocean at the I720-I880 km altitude 42-54°S. There was
detected doth elect ity and ehergy variation in the
flux with the ﬁtoutto revolution amd geophysical lagitude ayd
very quick ( a1 scd /60/) sempowvel intensity nriltzn:‘ﬁ'
an order of magnitude. Near the equater the electron energy wes
“~ 40 kev and in the polar region - it fell up to IO kev.
Thede experiments Tevealed, that particles movement direction is
normal to magnetic lines of force, what indicates that the .
particles move along spirials round lines of force. Later disg-

- e

int

Allen et. sl /16/ and Holly et. al /61/. The minimua flux recorded
in thouy experiments at low altitudes was equal to gbout

I erg/cn®sec, But the Vajue was much kigher that the particles
fluxes, recorded by snother metiods. These experiments ‘obviously
show, that soft ahctnu pootuel the major part of the energy
botk in the inner and outer rsdi.ntion belts, In /60,58,19,20/

T

geophysical importance o B -
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of thoge’electron fluxes, capable to induce
appriciabdle heating of the upper earth atmosphere,
Jroviding a sharp temperature gredient with height
and detected by Satellites atmospheric expansion

in the polar regions, where flux intensity was higher.

hthu- investigations

”/%im’in the

Acoording to new data /56/, olectren flux with
B 2 I kev 1s about zo’ﬁ-lg/uz sec aterad, tho’%o-

betwsen electron ¥ velocities and a magnetic line of

confirmed, that the fundament:l

radiation belts i carried by electroans.

force being s0 amall that the majority of electrons . .

should reach the ~ 200 kn
Datailed
Amelogous investizations of angular elsctrons ultnbutiu

altitudes and cause surors.

/57/ 1ndicate, that in various latitudes electron

flux with B > 40 kev, Penetrating the atmosphere,

and total flux of
electrons dumped into the atmosphere in the day-time is
sbout 10 erg/ca? ses /56/,

The problem of Corpuscular Acceleration in the Atmosphere
The obtained results are of principle upoi't-ncc. as they
" consider the probles of corpuscular origin, suroral and radiation
belts particles origin in & new way. Continuous powful particle
fluxes at appriciabdly low altitudes directed into the atmosphere,
AP ad R AP YPVRRY A ped particles loss from the belts.
Taerefore papers /56, 57/ indicated that 1t is necessary to uot;-
®¢ that there exists a mechanism of their acceleratior, located

|
:
¥

in the iososphere. Probably the radiation belts are formed
under the influence of the same mechanism, when the accelerated
electrons enter the magnetic trap trajectory. Sarlier Krassovski ' 4
et.al /58,62/ in coanection with the data obtained on the 3d
Soviet Artificial Satellite asde some considergtion concerning |
soft particles acceleration in the earth magnetic field. Recently
by means of the 2d spaceship Vernov et.sl /63/ found consider-
able corpuscular fluzes in the atmosphere and also at the low
altitude of 320 km, and declared for the hypothesis of electron
local scceleration within the 1limits of the geomagnetic field.
The hypothesis about particles acceleration in the earth

atmosphere caused by one or snother process was considered by & #t ‘
mbor of suthors (Alfven, Hoyl, Lebedinsky) -ho trhl to gin
an /64/ and Reid /65/ i

an explanation to aurorse earlier /3/.
wa .
Lb-lg’ considered mechamisms of electron acceleration by

ypoth’ticn local electfic fields in the ionosphere, the
existence of which is believed to be highly presunable,fellogg
/66/ assumed that while deffusing in the geomagnetic field,
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particles accelerate. Obayashi /67/ considered FPermi

. acceleration mechanism to be due to hydromagnetic waves. The

hypothesis of particles acceleration in the static magnetic
field 1like in an driginal geocyclotrone, was suggested by
Helliwell and Bell /6€8/. Coleman /63/ considered the effect of
inhomogeneous gradually changing geomagnetic ﬁeﬂn%etnron
mechanism of acceleration. Dessler, Hanson /70/ suggested an
acceleration mechanism by & shock wave which is produced by
& solar plasma entering the earth magnetic field. Singer /7I/,
Chamberlain /72/, Chemberlain et.al /73/ stated that it is awez
necessary to assume that in the earth ltnonphero there existes
particles acceleration. 4 tm\/ruom\( electron acceleration
mechanism in the outer part of ionosphere ‘ whistlers was
Akgsofu and Chapman /76,75/ made an
attempt to connect geomnctie&m the radiation belts zm
and the (g_l_rr_g_xgﬁ'm And they obtained original angular
distribution of trapped particles velocity. .

1.A. Antonova and Ivanov-Kholodny in papers /77,47,78/
proceeding from the hnothe-ﬁ that there are corpuscular

suggested by Parker /T4/.

fluxes in the ionosphere, calculated energy spectrum of electrons
roduchg night 1on&3"ﬂ‘er§%ther low electron energy ( 2100 -
=200 -v)vund l‘t;ep electron lpectrum JME{d EOE, where
al. weart_on Mech ]
r =4,5 were obuined\f\luio\u obnervatioml data of the
spectrum and the calculated spectrum for a quiet ionosphere
are compared in Fig.I. These calculations can be carried out

if it ie assumed that hxx there is an isotropic electron

¥

| e

velocity distribution in the space. Th§ measurements indicated
that there is no isotropy. Taking imto account the true velocity
distribution one can obtain a variation of the cclcuinted
electron energy spectrum as weil as another lower bound

spectrum value though the total eleectrons flux eu:rs’;‘ tv-.lu%.
preserved. One of the displays of the corpusculer electrom
fluxes is X-ray radiation recorded en balloons. Let us consider
experimental data concerning this radiation.

X-Ray in the Upper Atmosphere

Secondary X-ray produced by electrons penetrate deep into
the a.tnoapherc up to low altitudes, and this fact makes it poss-~
15;:" 0 carry out investigations ower a long period of time
with the help of belloons. Intensive X-rays event at the level,
characterized by the atmosphere depth of 8 g/ca’ (y2ka) bas been
recorded by Winckler and Peterson /19/ during one of the most
intensive surorae, X-rays intensity with quantum energy S0-¥30 kev
reached 5 mr/h, 1i.e. 4. 104 photonalﬂznc (compare /80/).
Mechanism of electron m deceleration resulting from
passing through comparatively dense atmosphere layers was consid-
ered by Kfuogg /81/, who indicated that when the electron energy
is about 50 kev one quantum of X-rays is produced on the
average per IO' electrons, and as fer more energetic electrons
the efficiency is higher, According to /82/ the efficiency for
electrons with 300 kev energy is equal to 400 slectrons/ vu.nt.

- Thus onf the base of the observed XI-ray flux value one might

expect that there are oxrtrxj_ex_no”l,ryi :;_xjmiva electrons fluxes

e A A S e S
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edut 3.10% particles/cm’sec in aurorae, what is in agreement
with results of direct rocket measurements of the fluxes.

Rather 1ntanlive‘x~ny from aurora, passing through the
senith was observed by “idfkler 23.1X.57 /83/ bty means of an
jonization chamber, installed in the balloon. Winckler
estimated an electron flux, producing the obaserved X-rays of
8.10° electrons/calsec (~1030rg/:n #ec) assuming that electron
energy was about 100 kev, In the same work it 1s reported that a
flux 50 times as intensive was observed on I3.IX.57. These
values are somewhat overestinated, what is connected with some
simplifications in calculations, in particular with the lack of
precise vgjues of energy pjectrum of electrons.

In more recent years Winckler, Anderson, Peterson, Arnoldj
et.al carricd out numerous experiments with the help of balloons
/52,84,85,46,86,87,/. Summarized results of those works are given
by Anderson /88/ and Winckler /83/.

The most intensive I-ray fluxes sre observed during surorae
/31,43,79,85,86/, and during severe geomagnetic storms /84/.
Sporsdic X-ray has been observed for several hours with
characteristic sharp and rapid intensity fluctuations.

During the magnetic storm on 29.VIII,57 Anderson /82,84/
recorded 8 flux of X-ray photons -- 20 photon/cnz-cc sterad. with
the energy of I00 kev at the altitude characterizing residual
atnosphere 11 ‘/ﬂz. Consequently, taking into account absorption
beyond the atmosphere liméde the flux should be about 75 pnotons/
Iou sec sterad. Thus an electron flux beyond the dense atmosphert
layers was estimated (at about 100 km altitudes) to be 6.10°

electrons/ca® sec,sterad. (A 0,2 erg/cmz and even more, if the

¥}
.

essumed electrons were "QSfter? than 300 kev). It is
clear that even assuming .the comparatively high elsctron

rigidity (see above) rathor imtensive corpuscular rediate-

ion fluxes in the upper atmosphere are obtained, though
they are less intensive, thad during bright auroras. It
is pointed out in /B2, 84/ that the fluxes like in case
of an surora are of highly limited local sposial—and
u-ponl ptttam‘h space. amol Eime.

It iifimport;nce to note that offen the radiation was
not connected with either gesmagnetic or solar phenomena,
Anderson /88/ indicated that wsually X-rays decrease

" sfter sunset though it is rather a rule than a law. It

wag reported, that close to the magnetic pole no X-ray ha
ever been observed, even durimg geomagnetic disturbances.

let us consider in detail I~-ray observation results

when there are no aurorse end magnetic storms.

During Pquiet® periodg of time in the polar region

'x-rl.n were -oburved Tor 30 per cent of the total time

of balloons flights 187.85/' though the radiation
intensity wag I0-I00 times less, than during surorae.
The above mentioned radiation was recorded by means

of Gelger counters, ionizatios chamber, and ag a result

[ —
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of these experiments differentiational photons
spectrum was drawn up, which apparently wag a reflectéss
tion of the energetic electrons spectrum causing the

radiagion somewhere st the a 100 kn altitudes,

In order to calculate with eufficient reliability
according to the observed X-rays the electron flux
csusing the latter, it is necessary to know this
radiation spectrum.Numerous spectrum measurements
made by means of scintillation counters in the.pilad
region were reported by Anderson /81,88/, The
Beasurements were carried out iny three spectrun

regions 45~ 95, 95 - I70, and I70 - 340 kev. Taking
into account the nﬁomtion effect in the atmosphere
three t’picui spectra given in /87, 88/ are ul]’.
epproximated by the roﬁulae dnte, = x f-r.le

where r ® 2.3-4-2,8 (sce Pig.§).

e A
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In 1954-1957 X-rays spectrum beyand the auroral zone in the
energy region of 200-1000 kev'?canurd by Auppern.n and Friedman
/89/ with the help of lcintiﬁtion comnters, installed in
rockets at the 23-II4 im sltitude. It was found out that with
increase of height progreaasive increase of soft quantaintensity
decrease of rigid quanta intensity occurred in such a way that
ti® total numder of quants remained spproximately constant.
Fhose detailed spectrum measurements dita at the 42-57, 66-75.
and II0~114 kn altitudes which give coinciding results in the
energy region of 50-300 kev, are giveain Pig.l. l'or- 100-300 kev
energy these results coincide with And

data

./87,88/ however in the region of EC50 kev. they are not in

sgreement. Prodably the data /88/, obtained in the polar region
in the period of X-ray incresse, reflected a peculiarity of the
phenomenon, during which there occurs aa additional intensity
increase of particularly soft radiatios.

It should be taken into soccount, that in the region of 100
=300 kev the dats /88/ are by an order of magnetude higher, than
those of /89/.

Thus, the abovementioned experimests show, that there is
considerable X-ray radiation, the intessity of which greatly
incresases towards the small energies sdout Io-20 kev, in the
upper stmosphere. These fluxes become more intensive during
suroral and geomagnetic storms. Comparing those data with rocket
observations of electron fluxes at the IO0 km altitude it is

casy to come to the con;slulion that in tue atmosphere there

exists permanently sufficiantly intenslve electron fIux waich —

PRp—
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reveals itself particularly due tc deccleration electron radiation
when they penetrate into relatively dense atmosphere layers
st the ~ I00 im altitude.

Corpuscular flux intensity

The first corpuscular radiation data in the low parts of
the radistion belts, were obtained by means of Geiger counters,
for investigation of cosmic xays and therefore they were
pot ‘sensitiveto comparatively soft radiation being, as it was
later found out the fudermental part of corpuscular radiation. 2hx
Therefore the firat observations gave undereatimated values
of intensity and overestimated values of particles effective
energy, snd at high altitudesthe instrusents scaled off both
4R the first Americen and Soviet satellites.
It has been slreadp mentioned, that earlier electron flux
intensity determinations were overestimated. According to Table I

(peI2) ¥he elctron flux with energy E>40 kev is about IO erg/u.
sec. And the fiwxxpawxr: loss of energy # the flux totals only'

s nigligidle part. It is obvious that the flux encrgy is not

_ sufficient to cause not only intensive surorae, where electron
fluxes with power of hﬁud- end thousands of crglwzue could
be oburué. but even weak ones, a&s hare electron flux lot rate
is 1-10 srg/emzue. So, according to O'Brien's et.al observatior
756,51/ at the I000 km altitude in an suroral gone electroa
fluxes with E>I kev reach 10-100 crglenzuc. and edmider;blo
per cent of electrons penetrite isto the atmosphere, producing

100-200-Im

)

e . Sm a8 0 IR RSSO P

an surora, as when the coefficient of coversion of electron flux
energy into radietion is about 0.2 per cent (compare with p.I%)
they produce about 0.02-0.002 erg/uzlec. what practically is
pext to impoasible to observe at the nightglow background.

On the other hand, investigations of elementary processes
in the Aonesphere /77,78,90,91/ maks it necessary to assume, that
in the upper ;tmnsphe.re there exist electron fluxes of about
1 erg/ca’sec. .

Summarizing various experimental data concerning electron
fluxes in the ionosphere and aurorae at the 100-I000 km altitudes,
let us emphasizé some peculiarities of the fluxes, which are
applied to the problem: from what regions electron fluxes

originate.

Aye the radiationnbelts particles the soursze of surorae2

Experiments showed, that magnetic lines of force from the
outer rediation belts approach the latitudes, situated below
suroral sones, while corpuscular fluxes intensity maximum
coincides with surorsl zone st the altitude of I00 km. 4s &
result of inveatigstions on rockets and satellites it was
esteblished, that in the lonosphere regions during quiet pericds

corpuscular fluxes, conparablifffe intensity point of view
with electron fluxes in the radiation paixt belts are observed.
Not to mention hijhly intensive electron fluxes, causing surorse
one may say that the radiation belts, if we take into account

their energy store, are unable to 'supply even these genersl

fonization and excitation of a here—species—et—th
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electron fluxes in the ionopphere, as electron fluxes in the

S

radietion balts are comaprably stable, at least they gradually
vary, long-lived and hardly spending their energy. At the same
time in the ionosphere below the radiation belts there exist
comparatively rapidly varying, local electron fluxes, with
considerable loss of energy particularly in the auroral sone,
Besides pregent data testify to the fact thzt electrons
energies spectrum in the radiation belts ie probably more
rigid and more sloping, then in corpuscular fluxes in the
iononsphere and aurorae, in connection with it the latter are
sbgorbed at the 200-300 km altitude (ionosphere) and ~~ I00 km
(surorae) while particles from the radiation belts are able

to penetrate up to D-layer and should cause ionisation and
) (as a result) radio-wave absorption, It should be noted, that
pArticle fluxes , which cause aurorae, posess, such great
energy that the notion of the geomagnetic dipole field is not
sky true for them. In this connection , the fact teat of
coincidence of geomagnetic lﬂitudu and aurorae occurrence

moments &*oth hekdspheres, revealed during IGY, needs special

explanation, Bowever at present this fact is disputed. N / .

There can be presented some other argiukente against the

mechaniem of formation of electron fluxes, causing aurorae,

——-

out of the radiation belts particles but the abovementioned
arguments are probably enough. It is werth adding that the

discussed in literature mechanisms of particles loss from the

- 28 -

radiation belte cannot provide a formution of necegeary intongis

ve electron fluxes.

Mechaniem of Electron loss from the Radiastion Belts
Perhaps, one of the most important problems, to which

the theory explaining aurorae by particles of the rediation
belts should give an answer, is the problem concerning the way ¢
of particles leaving the radiation belts for the atmosphere,

As it was mentioned above, faveurable conditions for particles
loss from the radiagion belts arise perhaps in the period of

gnetic disturb

'_*'hera were also suggested another
mechanisms of particles loss,Rode /85/, Singer /1y

¢—— Inoue et.al /92/ estimated the velocity of the loss due
to the impact of particles from the belts with atmosphere
particles, A charged particle of the radiation belts has the
greatest probability of impact close to the turningepoints where
almost every impact leads tof the increase of the pithh angle
and consequently quickens the particle loss due to absorption
in the atmosphere. However this mechanism is rather slow.
VeD.Pletnev /93,94/ considered a particle loas due to shorte
~period geomagnetic field vu'iation.D

Gt different distances from the Earth there originate
regions of lower intesity of the trapped particles flux, thege
distances corresponding to the observed data.

Matsushita /95 , 93/ considerod s mechanism of electron

loss under the ifluence of electrostatic fields, formed in the

upper at phere during g cnetic st 8. Events like

ionigzation incregse in P-layer, appeurence of !., increase of

. !EQ and increage of absorption of cosmic radio ::nﬂg.‘ ir

[—
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the ionosphere D-layer he connected with penetration of
electrons from radiation zones into the atmosphere /90/.

Kern and Vestin /97/ considered particles loss from the
belts resulting from instability in the electron belts due to smx
certain lowering of turning-pointe at—the-trapped-pointe,
though the reason for the lowering is still unnxpluned._l;u
we saw, the discussed mechanisms are not gble to give an
axplanation to the formation of intensive, local rapidly
varying soft electron fluxes. The results of investigations of &h
the radiation belts end auroral particles discussed in the
given survey show that the radiation belts are unlike to be
the source of aurorae. And again there arises a question
concerning the source of aurorae. Probably soft electron fluxes
quickly loosing their energy, excit‘}tn’gl aurorae and the ionosphere
are formed in the upperest atmosphereYat relatively low altitudes
One may believe /77,78/, thet electron ascceleration results from
geomagnetic variations due to the edth magnetic field. However,
@s it is clear, at present the concrete mechanism of these

electPons scceleration has not yet found.

Ingtitute of Apolied Geophysice
of the Acadsin\y of Sciences of the USSR.
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HYDROXYL KMISSION 1. THE UPPER ATNOSPHERE
V.I.Krassovsky

Institute of Physics of the Atmosphere,
USSR Acadeny of Sciences,Moscow

Sumary i

oH .
The excessively high rotational temperature of the
bands shows that there is no thermodynamic equilibrium

between the rotational OH states and the smbient medium. .
Owing to different conditions of deactivation the rotatio:l
temperature of the hydroxyl with a low vibdrational excitation
1s inferior to that of the hydroxyl with a high vibrntang:ﬂ
excitation. The relative and abeolute populations of the
vidrational levels are not constant which points to veriations
either in the height or in ttfc processes involved in the \
sppearance of excited hydroxyl. The number of newly forme
hydroxyl molecules is compared only to the number of ,
oXxygen molecules dissociated by radiation in the Runge - .
Schumenn bands below the 50 km level. The hydroxyl emission
occurs at a height about 80-90 km where the numder of
dissociated oxygen molecules is less than the number of newly
formed hydroxyl molecules. For a mutual equilidrium between
these processes the region of the appearance of hydroxyl
emission must take in either a high quantity of osone from .
below or great quantities of atomic oxygen originating in

the upper regions due to the photodisaociation of ozone which

: - T00246A017300120001-6
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penetrated there froa below. The Ozone-hydrogen reactiouns
atoaic hydrogen vhich.probnbly.

of
have no extstence in Teality.
It may de that the vidrationally excited oxygen molecules are
Produced in the Tegion of the Appearance of the hydroxy1

*nission due to the penetration of atomic oxygen to thie

Tegica from above during a vertical aixing in the atzosphere.
Such excited Bolecules can exist for a long t
low ¢cacentration of

ime only with o
atomic oxygen. They can be deactivated

48 the result of the stom-exchange Teactions with the molecules
of the non-exited hydroxyl. Thus,
be produced in the absence of ato
ions

the hydroxy1 enission ecan

aic hydrogen., Various react-
with the participation of vibdrational

Rolecules B2y give rise to a number of en:

1y excited oxygen

1esions in the upper

———ea—

The problem of the origin of emissions
nt-o-ph-n,nmng them the hydroxy1l emingion, h
finally settled.

in the upper

a8 not yet been
The main obstacle to this 1g the absence of
accurate values of constantg

processes,

for all possible elementary

This accounts for the fact that it 1s not always
Possidle to proceed frog qualitative ®valuations of different
Teactions to their &ccurate quantitat
however,

on the emisslons in the upper

ive analypis, Recently,
there has been &ccumulated mych odservational material
ntnoephoro,'hich 18 very useful

in ehnh; up some uncertainties in out forger Suppositionsg.

Before Proceeding to an analysis of the mechanisms underlying
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the sppearance and variations of eaissions in the upper especislly apparent in the case of the bands from the 6, 7,
v ‘ - @tmosphere,ws shall make & brief up-to-date survey over ) @ and 9th rather than the 3, 4 and S5th levels. At middle
the basic factusl dats which have become available after ( latitudes the seasonal variatioms sre sometinmes qu?.t- :
3 the recent study of all the observational material accumu- : A ‘ insignificant. The relative population of the upper and i
3 "lated in the USSR lately. B lower levels is mot constant and ie not always subject to '
i The rotational tesperature of the OH bands from : : spproximation acoording to Boltman's distridbution. The ’
% the 3,4 and Sth vibrational levels varies from 150 to ‘ relative populations of the 6, 7, 8 and 9th levels with
3 270°K. It 1s about 10° degrees higher for the 4th than b : Tespect to those of the 3, 4 and 5th levels display a trend
4 for the 5th and for the 3rd  than for the 4th level. The : ’ towards /‘IICI‘OII’.!I& with rotatiosal temperature for the
] ‘ Fotational temperature of the OH bands from the 6, 7, 8 i bands from high levels. :
and 9th vibrational levels 1s on the sverage higher and ’f The scatteting of the vslues of the relative populat-
j varies in the remge from 150 to 350%°K. The higher the ! ions of the 6, 7, 8 and 3th levela with respect to those
vibrstional level of the band, the higher the rotational 1 of the 3, 4 and S5th levels decresses with an 1 in the
] temperature. On the average, in the case of a very high : rotational temperature for the respective bands. The intens~
rotational tempersture there exists a trend towards an ! ity of the molecular oxygen electronic band at sbout
increase in the OH band intensity with temperat ure. This 8600 £ is in distinct correlstion with the OH band intens-
trend i np-euﬁ, noticeable in the bnnd;fx-un the .‘ o ity. Apparently, s similar picture is observed in the case of
6, 7, 8 and th vibrational levels in high-latitude (60 | Hersberg's bands. There is a correlation between the
aress. The same trend,in a ailder form, can also be f ' . 8600 £ oxygen band temperature and the rotational temperature
. v observed at middle latitudes (50-45°), though sometimes ’ of the OH bands from higher rotational levels. The latter, )
1t s absent,especially with low rotational temperatures. ' however,especially for high values, is greater than that of )
The OH intensity and rotational temperature may often the 8600 § oxygen band. The intensity of this band shows i
vary for tens of °k even during a single night. Such & trend towarde increasing with rotational temperature, '
variations may take plece in any season. However, the especially for the OH bands with @ high vibrational excitation
i maximun intensities and Totational temperatures are There 1s & good correlation betwsen the OH band intensity
typical of winter rather than sumer time. A1l thig 1s

.

e
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end the Na and Hy night-time emiesions. A tendency
towards = similar dependence is observed also in the
cese of the 6300 § [0I]) emission, when its intensity
1s small and there is no magnetic perturbation or surorse.
The scsttering of the [0I) 5577  emisaion values
increases with rotational temperature for the OH bands
from high vibrationel levels. On the average,it is
slways possible to observe some general trend in connect-
ion with the OH, O, ¥a, [0I]) 6300 % and even [or]
5577 £ and the continuum intensities.
4s the hydroxyl emission takes place in separate
¢lementary layers of the atmosphere,which differ in
temperature, the rotational temperature messured is, as
shown by Shefov, the wejighted mean of the concentration
of the radiating hydroxyl molecules in those elementary
layers (1)5) As & result,if there is a temperature
gradient in the region of appearance of hydroxyl emiseion,
the moasured rotational temperature will be below some
individual values in the region. Accordi.ng. to the rocket
research data (2,3) the hydroxyl emiedl on takes place
x) A departure of the rotational OH states from Bolzman's
distridbution may become practically moticeable onmly
over lines with K > 6. However, all published data for
the rotational temperature were obtained over' X g 6
1ines.

P DI U
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“at the height between 70 and 110 km and especislly about

80~90 km where the virtual ambient temperature is known

t0 be less than the maximum poseidle rotational temparature
for the OH vibrational bands fxom the 6, 7, 8 and 9th

levels and, probably, even somewhat less than the rotation-
sl temperature of the OH vibrstional bands from the lower
levels. Consequently, the rotational temperature,as deter-
mined from the OH bands, fails to represent the virtual
temperature of the atmosphere. This is possible only if the
vibrationally excited hydroxyl is either deactivated by
radistion or dipappears in some chan;lcul reactions after a
few collisions with the molecules snd eatoms in the atmosphere,
whose number is insufficient to make the rotational temperat-
ure of the radiating hydroxyl equivalent to the kinetic
smabient temperature.

Tadle 1 presents at the beginning s supposed reaction
of the chemical destruction of excited hydroxyl by some
atom or molecule denoted through X. Given below are two
conditions under which the OH rotational temperature will
be higher than the smbient temperature. ‘T indicates the
mean time of oxis.hnco of the vlbrntlonnliy excited hydro-
xyl, if it 1s subject to deactivation by radiation. We
denote by 8, the product of gasokinetic crossection
of elastic collision by the mean velocity of the medium's
molecules and by [l] « the total concentration of all

molecules.

1s gy e

e

~
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This time is approximately equal to 2.10"3 for the 9tn
vibrational level and is monotonously rising with the
diminishing of the level nuaber until its value 1is about
10°2 gec for the lst level. (4). Under the most sdverse
conditiona the reactions with the participation of excited
products may take place at each collision of the respective
reagents, i.e. at a; .~ 10719 cnd sec”l. In this case,
however, the rotational temperature of the newly formed
hydroxyl molecules would be at ite meximum. It would
certainly fail to reflect the amdbient temperature. In
reality,when hydroxyl is st low vibrational levels for

which the mean lifetime with optical deactivation is some-
what higher, the newly formed hydroxyl molecules are apparent~
1y subject to a number of collieions before their deactivat-
ion through radiation. In that case the rotational tem-

) perature is more or less close ‘to the ambient temperature.
Thus, a considerable departure of the rotational temperature
from the ambient temperature will take place when the X
concentration will be close to or less than 10'13cn'3.

Table 1 presents the A, B, C, and D reactions whose
effectiveness is not accurately known but which seem to be
the only posaible reactions of destruction of the nawly
fomed vibrationally excited hydroxyl molecules in the
region of their virtual appearance at & height about 30-90 km,
where the - X concentration approaches the above value of

10"13 cu"3. Bracketed on the right side are the thermal

De»classifiedt vin Part - Sanitizeq Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017300120001-6
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effects of the corresponding reactions, the non-excited

hydroxyl being taken into sccomt. From the viewpoint of

conditions which sre of interest to us, the A reaction is

of no importance, as it may involve only the hydroxyl whose

vibrationsl excitstion is higher than the 9th ground state

level, i.e. such hydroxyl which has practically no existence

in the upper atmosphere. Nevertheless, this reaction may

turp out to be rather important for the limitation of hydro-

xyl excitation above the 9th level in the lower dense layers

of the atmosphere. The B and D reactions will interfere

with the establishment of an equilibrium rotational tempe—

r.tnrull.n the OH bands from the high initial levels. The B

reaction will bave some effect for the OH states at the 6,7,

8 and 9th levels, while the D reaction will have an sddition~

al effect for the OH state at the 7 and 8th levels.Simultane-

ously,sll the said states will be subject to considerable

quenching. The atom-exchange C reaction will be effective

for hydroxyl no matter what its excitation is. It may inter-
fere with the establishing of a complete thermodynanic
equilibrium for the rotational states of the vibrationally
excited hydroxyl at all itg levels and sccount for sn incresse

in the relative population of the lower vibrational lavels.

This reaction will cause the quenching of all excited OH

states at low altitudes where the density of the stuwaphere
is bigh. An increase in the O rotetional temperature over
the ambient temperature indicates that the excited hydroxyl

n considerable amounte above 80 km, where the dersity

sppears i
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of the oxygen and nitrogen molecules is close and ix.:ferior
to 30733473,

A variation in the virtusl temperature of the
etmosphere for some tens of K degrees at a height between
70 snd 100 km during several hours is poesible only if
there is a consideradble inflow of heat to this region. Thus,
for ixmh,ln 8 layer about 10 km thick at the height of
80 km, where the concentration of molecules is close to
5.202%ca™3, even in the absence of losses due to radiation
and thermal conductivity,the temperature may rise by 10%K
during 2. hours only if there is an energy inflow as high as
about 100 erg cm Zsec™ . It is quite obvious that no such
thing is possible not only at night but also in the day time.
Therefore, the observed rapid variations in the average
rotational temperature for some OH bande may be taken only
&s evidence of varistions in the height of the region of
appearance of the hydroxyl emission.

As th-l region of appearance of the hydroxyl
emiasion rises above the region of the temperature minimum

at a height about 80 km, the deactivation of hydroxyl by
radiation will increase due to a decrease in its deactivation
by the chemical processes. In the meantime the relative
population of the vibrational levels, especially that of

the higher ones,will be less subject to variation dus to the
collision with the non-excited molecules in the atmosphere.

The relative and absolute populations of the high vibrational

L e
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levels will £o up. Simultaneously,the rotatiiya} tempe-
rature will rise,since the number of elastic €bilislons of
the excited hydroxyl molecules umtil the latie; are deacti-
vated by radiation will become imsufficient fy, the ssatad-
lishment of a thermodynamic equilibrium. Al11 this provides
8 good explanation for the tendeacy of the effugtive vibra—
tional temperature to increase with the rotatiypa) teampere-
ture, as can sometimes be nbsarved..x’

However, the region of appearance of hyidroxyl
emisoion may also spread downwards from the B 1l mum tempera-
ture region. The virtusl temperature and danslly of the
atmosphere increase with s decrease in height, g this
case, the rotatio‘nal temperature will also riaes, But gh,.
relative population of the high vibrational levels will not
increase,as their deactivation in the B and | reactions
will grow less. The OH band intensity will not jpcrease and
will not depend on the rotational temperature,

X) In view of the fact that the high rotationa] temperature

fails to reflect the virtual smbient tlmparqgu"'our
former interpretation of such @ependence a8 {he regult
of a varistion in the hydroxyl yield in the ozone~hydro-
&on rcaction due to temperature variations {h the react-
ing products proves untenable. 5)
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The above described processes enable to provide,at
lesst, s qualitative explanation for the observed laws which
govern the rotational and vibrational temperature and the
intensity of the OH bands in the atmosphere. A glight in-
crease in thé rotational temperature of hydroxyl with a
decrease in its initial level, beginning with the Sth vibrat-
ional level, can be accounted for both by a more intensive
generation of the low-excited hydroxyl st low altitudes and
by the C reection whose effectiveness tends to increase with
@ decrease in height due to a greater density of the atmos-
phere.

Most interesting is a enormous powsr of hydroxyl .
emission in the upper atmosphere. On the basis of numerous
obgervat fonal data related to the middle-latitude areas
Shefov has determined the average intensities on the OH
bands in the visible and the ne ighbouring infra-red region of
the spectrum (6). If we proceed from Shefov's data and
use interpolation, by taking into account only the linear
members in the expression of the dipole momentum, to deter-
mine the intensity of the more infrared bands in the region
inaccesbible for observation, as was done,for example by
Shklovsky (7) and in one of the versions by Heaps and Herg-
berg (4), wa shall be able to obtain an approximate estimat-
ion of the average yield of the newly formed hydrexyl molecules,
apart from the optical transitions from the higher states.

It can be put at 10*cn Zsec™? for each vidbrational level

e —————r a2 b -
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of the ground state,starting with the 9th level and downwardg.
Thus, 1t can be expected that the total number of the newly
formed hydroxyl molecules in all vibrational levels will be
ss high as 1002 2p6c"1,

If we assume that the formation of hydroxyl is the
result of the ozone-hydrogen reaction proposed by Bates and
Nicolet (8) and Herzberg (9), each hydroxyl molecule deactive
ated by rediation will enter into reaction with the atoms of
Oxygen. As & result of these two successive reactions the
ozone molecule and the oxygen stom combine to form another
OXygen molecule. No matter how Tough are the above estim-
ations, the full yield of the new oxygen molecules in the
processes mentioned above can be estimated as equal, at any
rate, to not less than 10120.‘,cm'2mc-1. However, in the
region of appearance of the hydroxyl emission the sun's
ultraviolet radiation fails to dissociate such a great number
of oxygen molecules. Above the 100-km level the emission of
the Hunge-Schumann continuum is accountable,on the average,
for a dissociation of about 2.10“02-1:'2“«:-1. The emission
in the Runge-ichumenn bands is mainly absorbed below the
50 km level. This results in the appearance .of the excited
OXygen molecules which,on colliding with the non-excited
OXygen molecules, give rise to an ozone molecule and an atom
of oxygen. The total number of such acts 18 on the average
equal to about lolzcn'znc'l. The appearance of
1032 oy cn'zloefl indicates that the restoration of the

S .
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oxygen molecules mainly takes place in the region of
sppearance of the hydroxyl emission at the heights betwsen
80 snd 90 km. This, however, 1s posaidble only if in this
region, due to & n‘rticnl mixing in the atmosphers,the osone
from the underlying regions would come into contact with the
atomiec hydrogen and oxygen from the overlying regiomns.It is
also neceesary that there should be no other way available
for the formation in substantisl quantities of moleaular
oxygen from the stomic oxygen,due for example, by triple .
collieions with the participation of two atoms of oxygen,or
4n the collisions of the ozone molecules with ei ther the
osone molecules or oxygen atoms.

The basic data for the ozone-hydrogen process are
presented in Table 2. To enable this process to play an
important role, it is necessary that the product of the
ozone and atomic hydrogen concentrations was approximately
equal to 108 ca™®. At the height of about 90 km, the com-
centration of atomic hydrogen does not exceed 3.10611 cn" (10).
Since below 100 km the stmosphere is undoubtedly on11 mixed
and has a uniform r-llauva composition, the change of con-
centration of atomic hydrogen below 90 km for the height of
the homogeneous atmosphere,even in a most favourable case,
can hardly be greater than ¢ - times. However,certain
dats at our disposal on the effective .unincauau of hydrogen
atoms with oxygen molecules in triple tollisione with the
formation of perohydroxyl (11) induce us to be very careful

sbout the possibility of even such increase in the concentrat-

[N

/

-4 -

i@ of atomic hydrogen. But even if we assume that at the
height of about 80 km the cuncentration of atomic hydrogen

_attains 10701’3. the concentration of ozone necessary to

n;eount for the observed intensity of the hydroxyl emissicn
must be about 1031cs"3. Apparently,this value is excessively
high end is hardly acceptable. Thus,unless we are in possession
of other reliable data to proceed from,all the circumstances
indicated above provide evidence against an unconditional
acceptance of the ozone-hy:rogen reaction as the principal
source of the hydroxyl emimuion in the upper atmosphera.

7 The data showing that t.hs concentration of atomic hydro-
gen in the upper atmosphere ip low (10) have been the reason
for the attempts to find other ways to account for the
appearance of the excited hydrogen in the absence of high
concentrations of atomic hydrogen (12). Some of these process-
@s have already been under our comsideration (13). However,
the final selection of the m.st effective processes 1is
difficult due to the absence of accurate values of the con-
stants in the -uppt.:nd reactiona. Therefore,ws shall 1imit
ourselves to the consideration of only- one process taken ss
8n example. This is a somewhat modernized process with the
participation of the vibrationally excited oxygen molecules,
which has been proposed sarlier (14). The basic data bearing
on this process are presented in tadble 3. Its most caracter-
istic feature is that it takes into account the atom-exchange

reaction betweon the vibrationally excited oxygen molecules

Declassified in Part - Sanitized Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017300120001-6

RPN

P




. Declassified in Part - Sanitizqd Copy Approved for Release 2011/11/02 : CIA-RDP80T00246A017300120001-6

.15 -

and the hydroxyl molecule. This reaction can lead to the
formation of the excited hydroxyl molecules even where the
etomic hydrogen is practically abesent; the concentration of
stomic hydrogen in the upper atmosphere may be insignificant
due to an upward diffusion and dissipation. As can be seen
from table 3, in comparison with the concentration of atomic
hydrogen the relative concentration of the hydroxyl will
increase with & decrease in the concentration of atomic
oxygen. A decreasing concentration of atomic oxygen will be
favourable for a long existence of the vibrationally excited
oxygen molecules due to the fact that their atom-exchange
reactions with the oxygen atoms accompanied by their deactiv-
ation will become leas and less important. When the concen-
trations of the vibrationally excited oxygen molecules and
oxygen atoms will be approximately equal, the concentration
of hydroxyl will exceed that of atomic hydrogen about 102
times, for a

v ~ 10601" ca”3 secl, 8y~ 10"1%n3 gec™! and

is inferior to L by some two orders. Por

[0!!) ~ 10% cn™3 the concentretion of the tibrationally ex-
cited molecules must be as high as 108 O: en 3,

In the case of the process under consideration the
region of sppearance of the hydroxyl emission must take in
‘.;on quantities of etomic oxygen. This 1s pPossible under

the following conditions: a great amount of ozone produced

below the 50 km level must be transferred upwards. In the

- 16 -

- daytime this ozone will be photodissociated by soler radiat-
ion in the region of 2000-3000 % into molecular and atomic
oxygen within & perios of not more than 1 hour. As a result,
sbove the 90-100 km level s great quantity of atomic oxygen
will be accumulated. In s vertical mixing of the atmosphere
the accumulated oxygen atoms will quickly disappear at the
lower altitudes either by Joining to oxygen molecules or by
combining between themselves in triple collisions. The
process involved in the formation of the vibrationally
excited oxygen molecules is illustrated in tadble 4. For
the values of 8, and 8, s given in the tadble,the atomic
oxygen will disapper in ebout one hour at the heights
between 80 and 70 km according to the true values of these
coefficients. Since the process under consideration can
effectively function only with & lew concentration of atomic
oxygen in the region of appearance of the hydroxyl emigsion,
the maximum Yy ‘and minimum L would be favourable to it.
No experimental values are available for the concentration
of atomic oxygen below 100 km. Its calculated values do not
8eem very reliable due to a very great uncertainty about‘ the

values of 8¢ and a;. New determtnations of these con-

stantp are necessary. Also rather desirable would be a

direct dterminstion of the concentration of atomic oxygen

below the 100 km level. 1If in the cuse of the ozone ~hyd-

' -Togen process tke most important question is the concentrat-

ion of atomic hydrogen, in the process under consideration

the concentration of atomie oxygen i# in the centre of
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attention. If there are conditions favourable for the

latter process, this would mean that the deactivation of

the vibrationally excited oxygen molecules by hydroxyl is
carried on with much efficiency,since the number of such
pewly formed oxygen molecules is only two or three times

(see table 4) =as high ss the makimum number of oXygen mole-
cules destroyed by the solar radiation in the Runge-Schumann
bands and continuum.

In the case of & vertical m-xing in the atmosphere
the number of acts involving the dissociation of ozone into
molecular and etomic oxygen as well ss the number of the.
reverse processes leading to the formation of the non-ex-
cited ozone are considerably higher than the number of acts
involving either the dissociation of molecular oxygen or
the recombination of atomic oxygen. In the earth's atmosphere
at a height about 30 lm, %o which the intensive fluxes
of the photodissociating emission fail to penetrate, great
quantities of ozone are accumulated. When the intensity of
the hydroxyl emission is low, the amount of ozone may
incresse and, vice versa, when the hydroxyl emission ie
high, the ozone may be expended in an additional hydroxyl
emission. There appears &8 rather 1ntereat-mg problem
of the reletionship between the amount of sccumulated ozone
and the intensity of hydroxyl emission for the planetary
system as & whole. Appearently, the role of the vertical

mixing is rather considerable in the process of the general

o m e s e -
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circulation of the atmosphere. It is difffcult to imagine
that this procees could be homogeneous in height over eny
place on the earth's surface. The observeq stratification
of the region of sppearance of the hydroryj emission (3) is
an evidence in favour of the reality of &n fntensive verti-
cal mixing in the atmosphere. -
With the concentration of the non-exujted hydroxyl

e high as 107 cn™? and the coefficients of the rate of
reaction between hydroxyl being about 10.12 en? .ec-l

i
there will be forwed nearly 103 eu?

sea™l _oter vapour
molecules removed in this way from the reaction zone will
be a considerable number of hydroxyl mole;ules which are
quite indispensable for the apme arance of {he hydroxyl
emigsion. Apart from the photodissociatisy of the water
vapour, there is & possibility of its deagmposition to form
OH by the vibrationally oxc_lt-d oxygen molecules according
to the reactions presented in table 5. Uv¥ing to this,
the vibrationally excited oxygen molecule§ may maintsin at
the required level the concentrations of astive hydrogen
compounds in the region of appearance of the hydroxyl
enission.

As the vibrationally excited oxygeii molecules pley a
rather sctive part in chemical reactions, it would only
be reasonable to expect that as a result of such resctions
there may appear some excited products cajiable of deactivat-

ion by radiation. We have underlined at {he beginning the

.
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nlation.hlp between the hydroxyl and other emissions.

Accountadle for such relationship can be their ¢ommon primary
source, the vihrlticnuly excited oxygen molecules (19),
The electrmexited 0Xygen molecules may be part of
the newly formed excited oxygen molecules. Beoides, they may
&ppear as & result of the atom-exchange reaction A

(see tadle 6). Apart from the deactivation by radiation,

the molecular oxygen state ‘2
the B

may also be destroyed in
reaction (see table 6). The A reaction will play a
more important part in the high region where the concentrat~

ion of atomic oxygen is greater. The B reaction will be
more importent for the low denser regions. The molecular

oxygen states "Z will be better Preserved at high altitudes.
Since the very high values of the hydroxyl rotational tempe-
rature testify not only to a high ambient temperature but
simultaneously to a higher localization of the processes
lnvolving the recombination of oxygen the growth of the
electron bands o? molecular oxygen in intensity with the
rotationel temperature of the OH bands from the 6, 7, 8

and 9th vibrational levels can be most conveniently account-

ed for by the growing importance of the A resction and the

~

dhmi-hing importance of the B reaction at high altitudes.
The higher rotational temperature of the OH bande from the

» 7, 8 and 9th vibrational levels in comparison with the
rotations]l temperature of the electron bands of molecular

OXygen can be accounted for by the fact that the electron -

e

1/02 :
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= excited molecules of OXygen during their period of
¢xistence succeed ip establishing & thermodynamic equilib~
Tium with the ambient mediun,
excited hydroxy1 molecules
fa11 to do, »

which the vibrationally
from the €, 7, 8 and 9th levers

A dinetinct correlation botween the Na and on
nighttime exd ssion can,

8pparently,also be fccounted for by
their ¢ ommon Primary g

urce,the vibrat lonally excit ed
OXxygen molecules,

night. Givep in the table eare their basic laws, the Posgible

ve&lues of the reaction rate coeffieientsg,

the concentrations
of the initial Products

»and the Na emission intensity,

411 thege date 8eem to be trye to faot.

The green OXygen emisstion line &Y also be related

to the vidbrationally excited oxygen molecales. Table 8
Presents a nugher of possible reactions. The 3 reaction ig

insigniticant a4 1t violates Wigner's rule. But the p

Teaction ig rather efticient, 1pe reaction rate coefficients
in the Presence

of excited Products may be ag high ag
1010, 3

cn’sec!

* Therefore for the concentration of the vibrat-

1onally exciteq 0Xygen molecules equsl to about 108;5~3 and

tion of atomie nitrogen in the nei ghbourhood of
D&y appear some 103 ¢y” Jgeo~l
s state. 1y,

105473 there
the
8Toen oxygen

OXygen atoms in
is more than endugh to account for the
Om”ion line in a layer 10 km thick.
atomic nitrogen B8y penetrate

The
to the region of the

. 7 V' c 6A017300120001-6
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; ;* the hydrogen emission owes its origin to the excitation 4 &
. { 2 i
p } Tecombination of atomic oxygen from the superlying regions ! atomic hydrogen which diffuses upwards fram the underlyisy 1
F . i © due to & vertical mixing in the atmosphere.. Probably, ; i regions end is then dissipated. The amount of hydrogen {x : ]
" the observed increase in the scattering of intensity values fow £ the hydroxyl emisuisys ;
in the green emissi f the night sl ith the rotational - 'ir.' uprend diffusion and the Intensity o drogen or itg !| B
& esion o e night sky w rotation g will increase with the concentration of hydrog : |
! temperature of the OH bands from the 6, 7, 8 and 9th levela ' arance of the hydresy) -
1 ":‘ to tb ing circulation 1 u: ’ tmos ph ' i active compounds in the region of appe
48 due to the growing circulation in the upper atmosphere. t

emission. At high 1latitudes,judging from a considerable
This process may sometimes involve & downward penetration p

t - " ‘temperature of the hydroxyl, the process irvolving the
of atomic nitrogen from the superlying regions,while the :

level of localization of the oxygen recombination process

\
|
1
| lace at a grasg
) : recombination of oxygen must usually take p 'i
may grow in height.

height. Fommed at the same height is the atomic hydroges
The C reaction may also be acoo untable

for the appearance of the 5577 & emiesl on.

which easily diffuses upwards due to & low density of the

‘{ stmosphere. For this reason in high-latitude areas botk /e i
Stnce the B Tesction (seo table 8) produces nitro- { hydroxyl emission end the He emission are more pronoiysed. :
&en oxide,it may account for the Telationship between the it is quite possible that the less distinct correlation |
‘ qnn oXygen emipsion line and the night-sky radiation i between the intensities of the hydroxyl emiss on snd the
eontiqnum which appears when the atom of oxygen unites with

S .

i red oxygen emission is due to the process involving en
the nitrogen oxide (20).

Owing to the participation in this

intense upward penetration of great quantities of moleau}syp
process of the vibrationally excited oxygen molecules

' ! oxygen which enters there into reaction with the ione of i
i the green emiesion and the night-sky radiation continuum :

atomic nitrogen (see table 9 ). The said reaction is esytper-
may be related with the hydroxy1,

molecular oxygen and ! mic with the release of 6.45 ev. In this way the red
sodium emisston. %

B -
: ’ enmission of oxygen may appear. Simultaneously a more intens
i ) e have !

been comparing the eniseion appear—

ive circulation in the atmosphere may bring about a noze
ing either in the seme or in closely

adjacent regions of i

' indicated in table¢ §
droxyl emiseion. The process
1 the upper atmosphere. There is, however, a correlation i . imtense hydroxy

! can be used to account for the red arcs discovered by Eaisjer
botween the intensity of the hydroxyl emiesion and those of '

of the red arcs coincides with the place where the air
which appear at considerably higher altitudes. Apparently,

|

i and Roach (21,22). It may be that the place of appearancy '

. : . |

the H o hydrogen emission and the red emiseion of atomic oxygen, |
|

: d upwards. If thig H

from the underlying regions is sucke P! }

' : 01-6
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is true, in the region of the red arcs the ionosphere
must be somewhat lifted, i.e. the level of equal electron
concentration in it will be higter as compared to the
neighbouring regiona. It ie also worth moticing that
such latitudiel bulging of the atmosphere latitudes must
result in a more intensive appearance of the high-energy
parti‘ehu caught by the geomagnetic field. The appearance
of the high-ensrgy particlee over the red arca has slready
been observed (22).

Chapman was the first to point out that the emisd on
in the upper atmosphere are due to the encrgy of oxygen
diseociation. At that time the most powerful night-sky
emission was the green oxygen 1ine. It was assumed to be
produced by the excited oxygen atoms which appear as a
result of the triple collisions between three oxygen atoms,
the excitation energy being derived from the energy develop-
ed by the formation of the oxygen molecule. We have long
ago expressed our opposition to accepting this excitation
&3 a source of the green emission, because the height of the
region of the maximum generation of thie emission, in our
vi,-, was below the region where the meximum concentration
of oxygen atoms occured (19). Now we know from the
lsboratory experiments that the mechanism of excitation of
the green emiesion which was set forth by Chapman, fails to
account for ite observed intensity (23). However, the

up-to-date gurvey over the state of the problem of the

i

s
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ssture of emission in the upper atmosphere shows with an
esver-greater certainty that Chapman®s ides is trues on &
larger scale, in spite of the fact that the processes in-
volving the excitation of the stmospheric emissioms turn
out to be far more couplicat;d than the simultaneocus
collision of three oxygen atoms, as was previously

spsumed.
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1) Here and below the asterisk on top following the

symbol of an atom or molecule indicates an excited state.

2) &, - the reaction rate coefficient.

3) Here and below the bracketed symbol of an atom or

molecule indicates their concentration.
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i Table 2
L ' ’ Table I '
g ’ »
' . 0X ¢+ H 1) 2) ; 0y ¢ & o ¢ 0,
/ on® QX: (a)) b ou® o — O eh
-, {
Q B0 g o +0 — 0, ¢x
{ 1) --_l___ < T 3) !
5 -
; s, [u]) ve[o].[6] .o n 2
] ) . , After bates and Kicolet &, ~ 10"2ea Jsec™l (8)
t -3 I YU S !
s, [¥] e, [x] | Observations show that ¥ ~ 10° OH® cuJsec™l.
1 i
1 t
! L. 0® 40, —» 05 eH (~77.6 keal/m) ! .
B. 0h* 40, —» 0 +HO, (-54.0 kcal/m) ‘ .
c. OH% ¢ O o s ou* 0) { 1) V is the yield of the newly formed OH molecules
. L ] -— !
: 2 2
; -3 -1
! p.ou* ¢ N, — N0 ¢H (-62.7 kcal/m) “ em 7 gec
1

2) 8, is the ozone~-hydrogen reaction rate coefficient
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Table 3 °
of +o —»ou* e0) (33). on a2 § !
of +n — ou* e0 (s,) 2) L
ou* — OH 4 hV
. ) : R
o 40 —> o0, +H (a5) 2 Sy
[o,*1(on] - o5 +[0]][]. o, = ¥ .
[02'] [8) - 2 - [m{] ofo] . ag ' 3] s
for] . [0,"] =,
[1) o] &g i
Wwhen 1
[OH] . a,»[ﬂ]. e
i
: /
[oH) ~ =--¥eieo -
[o*] ) %
1) This is an atom-exchange reaction.
2) u,, -4 and a5 are the corresponding reaction
rate coefficient.' ‘
3) V is the yield of the newly formed on*® codgecd, ;
|
L
}
f
- 1
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Table 4

B 2
0 + 0,4k - 0 ¢+ u (2 2)
® . » »
‘03 + 0 - 0, ¢ 0,
] - » *
03 + o3 — 02 + (:b2 . 02

Known from the literature { 8,11, 15,16,17 and 18) are
rather contradictory values ef ac and I.I.

8 froem 10732 t¢ 10733 caf sec™)y

2, ‘fram 1002 te 10734 cnf secl,

1) ¥ indicates any atmospheric molecule.

2) &c and a.’ are the correspmding reaction rate

coefficients.
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Tadle S
Endothermic reaction
BO + 0, — HO, * oOH (70,8 keal/m)
BExothermic reactions

H0 + 0 (>70,8 keal/m)—» HO, ¢ O

O, ¢+ © ~> oH* ¢ 0 (454,0 keal/m)

i
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Table €
0% CZ) 2+ 0Cw0, L% # o(tp)
+ 0, T )»0,A)ss* O -

.0, (L)

1
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Tabdle 7
B 40} on0” o 0 2]
nao® - Ka0 ¢ hV
NeD ¢ 05" > Ha® ¢ 0 1)
3
¥a' —~ Na ¢ hV
[ 2)
[02]-[ HI] .8y ] Vl

(xe] | [op7)
[a]  [0"7]
ror [0,*] ~ 1% 0f ca?

(Me] ~ 104 Na  en3 and

[y w~ 10720 o) gee

8
v, ~ 102 bV en gec”?

1) Two asterisks indicate a more excited
state than the state denoted by one asterisk.
2) The number of the sodium emission quanta

per e per sec.
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Teble 8

)
RPN

L 0" CL) +0C0r) =0, CL) eoln; fs)

B. 0," CL ) [>4,25 ev] ¢ 5(*s) - no(3Z yeo(*n;'s)

c. 0f+ coco, ¢+ 0('s)
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SRMPKRATUHE AND COKPUSCULAR HBATING ;

In AUBORAL TONB

|
!.I-Mucuk. P.V.Shcheglov \

Institute of Physice of the Afmosphere
Moecow

USSR Acsdeny of Sciences, i

Sumnary

pesults of the observations of the temperature

of the polar atmosphere and some possible

mechanisms of 1ts heating sre discussed.

fhe upper stmoepherse can be heated by the ultra-violet
14

corpuscular -tr-us,hydrouyottc waves.

odiation of the sunl,
) shows that st altitudes of

A pumber of measurenents (1-4)

r
100-200 ka the temperature of the night atmosphere i8 highe:

an
in the suroral sone than in the middle 1atitudes. One ¢

lar
believe that the latitude effect is caused by the corpuacu

e mainly in the polar atmosphere.

b takes plec
.“'hs . urements st the stmosphere

1at us consider temperature mess

in the surorsl sone.

nn' most ordinary are
imates, permitting to determil

) the ground oboei-ntions 3

ne Doppler

4nterferometric est

tempersture from the contours of emission lines and spectro-
P!
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scopic messurements of the rotational tempersture of
molecular dands. One should be sure that the temperatures
in such a way obtained coincide with the kinetic tempersture
of the medium. So either the mechanisa of excitation of

the observed emission should not disturb the Maxwell distribut-
ion or there should pass enough time detween the excitation
and de-excitation (fluorescence) so that the stoa should
undergo some collisions snd Maxwell distribution could be

A 5577 and

) 6300 the latter condition is fullfilled up to the

hedghts of 150-300 km sccordingly. (Apparently the most
probeble mechanism of excitaticn A5577 and A 6300 1s an
elactronic impact, so Maxwell distribution remains at higher
altitude as well).

restored. When odserving forbiddenm lines

In the conditions of the upper atmosphere
the natursl width of spsctral lines and collisional broaden-
ing are negligible in comparison with Doppler brosdening.
Turbulent motions can be apparently also neglected,so the
contour of the line is determined only by thermal movements
and permits to judge of the kinstic temperature of the medium.
It is most convenient to measure rotational tempe-
ratures during mrorse from bands (0,0) and (0,1) 1NG '2"
These are permitted bands,so if the mechanisz of excitation
results in deflection of populations of the rotational lewels
from Boltsmann distribution 1t will mot recover till the
soment of de-excitstion. But ss uonz' is apparently excited
by electronic impact when the emergy of the molecule 1s not

© m g g——
T

e - sy s e
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changed one can hope that the equilidrium with the atmos-
phere is pot disturbed. Laborstory tests showed that the )
“proton excitation spparently also doss not change the anguler
moment. Thus the rotational teamperature determined from the
Sands 1NG '2'
ture of the medium.

should coincide with the kinetic tempere-

Spectroscopic measurements of the tempersture of
surorse enable to obtain temperatures mainly of the altitudes
of 80-150 ka (usual forms of auroras), more seldom ~ 200 km
(red surorae of the A type) and still more seldom for the
Bigher sltitudes sunlit aurorse). These measurements should
be accompanied by the determination of the height of the
radiant region. Unfortunately, this was not always done
at all, #o one cap often judge of the height of the lgyer
for which the temperature is determined only ty the form
of the ligh't observed. A detailed survey and discussion

©f the obtained rotational temperatures are given by
Runten (5).
The tempersture vsalues for which heights are known
fall well enough on the tempersture curve of the 1961
CIRA model (6).
~ lstitudes, so the measurements do not show any teaperature
rise in the direction of high latitudes. However for the

This model is referred to the middle

given altitudes the effect cannot be great and it can be
. essily hidden by the erros of determination of the tempe-

reture and altitudes In genersl it is very difficult to

-

=,
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notice auy temperature change st the sltitudes of 100 -
= 150 km depending on the intensity of the Aurera, as the
gredient at these sltitudes ie great and 1t is difficult
to separate tempersture changes with the height of the
besting effects during the surors. (The tempersture
ohangel twice at the altitude of the order of 25 km). The
condition 1s better for the altitude of 200 km, ss from
this level the texporature gradient decreases and temperature
changes are difficult to be sttributed to the change of the
altitude even if thess altitudes are not sccurately
d.'tox-:lnod. So the determinations of the rotalinftenperatures
of 10 5,*  1n the red surorae of the type and especially
in the swnlit surorae and also interfercmetric observations
of A6300 which comes from the altitude of 200 km.
Botational temperatures. in the sunlit aurorse are within
the limits of 800-2300°K (7-10). The fact that they are
Over a wide interval, allows to think that these teaperatures
Teflect real conditions and do not depend on the mechanism
of excitation. According to Stirmer sunlit rays ere
observed at the altitudes of 400-500 km. The temperature
of the normal atmosphere in thess condi.non,nceoxdiu to
(6), does not exceed 1800%%.

Observations of the red 1ine profiles (4) show
that the Doppler tempersture can change from 1200% in the
Bight almost without surors to 3500%K for the bright red
aurorss. Pigs. 1-4 present the interferograams of the line
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A6300 for

different aurorae. There were no simultaneocus measurements

of the laboratory source and A 5577 and

of the altitules carried out, however the growth of intemsity -
of the ipivk with the growth of temperature shows that the
Semperature rise is herdly connected with the growth of
altitude of the luminous formation. ’

It should be noted that sometimes interferometrically
( Z.M.Mulyarchik) e non=Doppler profile of A 6300 was
observed, the intensity in the wings of the observed contour
being grester than for the Doppler contour. This permits
%0 suppose that there are some cases of superimposing of
higher temperature contour of less intensity om the basic
contour. However for the observations on the 17-th of
December, 1958,when the temperature of 3500°K was registered
the contour 414 not differ from Doppler distribution. At
the same time with a slight difference of the temperatures
of the radiant regions the resulting contour of the emission
1ine proves to be close to Doppler contour.

As 1t 1p difficult to conceive such a night tempers-
ture st these altitudes within the bounds of the exciting
models of the atmosphere one should admit the fact of intense
heating of the atmosphere during aurorase. '

Besides such a temperature rise of the polar
staosphere during some separate days for surorse foras, a
systematic rise of Doppler and rotationsl temperatures in
the suroral sone is observed.

The effect is not great but

3
e

C e

-6 -

1t can de traced by interferometric measurements of green ag
Ted 1lines (3,4) and determinatioss of the rotational to.pe-
reture of OH (1,2) in the nightglew. (It is true that
aothing 1s known of the variations of the beight of the gloy
of these emissions).

The most attractive variant of polsr atmosphare
hesting is warming up by corpuscles. Optical observations of
the nightglow of the polar sky and surorse ss well 88 rocket
Beasurements of corpuscular streass permit to make estimates
of the quantity of energy (enterin:’ in the polar atmosphere.

There exist other possidle @echaniems of polar
atmosphere heating. In the first place we mean msgnetic-hydro-
dynasic waves (11). If the mean ssplitude of these waves over

the ionosphere reaches some hundreds of at e Lles

of 0.1 = 10 herts, the dissipation of the energy of similar
waves at the height of 200-300 km can prove to be essential
for the heat balance of the atmoophere. It may be that such
canditions take place during magnetic storas (12). Magneto -
hydrodynamic waves with lower frequncies (periods 4-8 min)
and amplitude of the order of m’r are dticevond during
ground observations (13). One can suppose that there exist
such waves of higher frequency. It is neeessary to study quick
variations of the magnetic field st high altitudes and on ground
to provide the uforhl for confirmetion of this supposition.

Other sources of hca.tl"_. (meteors,acoustic waves
from the troposphere etc.) are not significant in the heat

balance of the poler stmosphers (M4).
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It 1e difficult to determine the smount of the energy
of the corpuscular streaa changing to heat during its inter-
action with the stmosphere. Various estimstes (15,16)
differ from each other, but, spparently, the grester part
of the energy reradiates in the fors of electronsgnetic
energy (emission in the visible,infrared and especislly far
uwltraviolet region of the spectrum)e

~.s:We assuse the amount of the elsctron energy changing
to heat to be equal to 20%. Direct messurements of elactron
ﬁm- during & week (apparently, IBCI) and strong

(IBCIII) aurors gave values of the oxder of 1-2 end
several hundred or;.e-’zuc'l- stersd”} (17).  No rochet
asasuremants in polar areas take place without surorss.
Kectron fluxes in this cese can de estinated sceording to
eptic observaticns of the bands A 3914 snd A 4278 1o’
(15). Por soft electrons the energy lost to form one
fon-pair is equal to 35 electromvolts (18). At the same
time 2% of the formed ions radiate in the bdand of (0,1)
1NGK, ¢ (19,20). Apparently,electron cu.rront S equals to

2
Burg ° 28 < Iy, (R

Burg = 66 ¢ Lgps R

Msasurements in loparskeya in the peried of IGY permitted
to estimate in electron flux when there were no surorse in
1 erg.on"2sec”] (15). In the minimum of solar sctivity this
value is less, but the intensity of the band A4278 £ 1o
»ever lonnrd below 50 R, which gives estimate of the corpus-

a0
warop,
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eul " “eec”
.{t'”.‘. at 0.3 erg.ca’ 20“ 1.
Y !
8 known that the aicrowave radiation of atomic

SXygen 1s & marked cooling factor of the upper atmosphere.
According to estinates of Ba .

tes (21) and Nicolet(22)
the
intensity of radiation of As 63  over 150 im
0,1 exg.ay.citees?® an: 2 et
*89C. and over 100 kn about 1 org.ca2gec"1
Thus 1f the SoTpuscular streaa reaches ¢
1ts intensity 14

L]
he height of 100 in
which corresponds in our
efficiency of 0.2 "2 goc™1

. od exg.cm € goc”t,
Varaing up of the atmosphere over 100 kn beging fr

1 erg.ca”Zge0"1
Suppositions to thermal

om  the

intensity of the o
orpuscular streea 5 org (I”u ~ 2kR),

lot
U8 note the fact that the bright surorae (IBCIII) can
eon,
‘ sequently provide thouh_nhort but intense heating of
the atmospherye. Ddrect of the int. ity of
3 )

®lectron fluxe
et % gives values of the order of 103 erg.ca2
ch corre :
8ponds to the thermal onergy of 200 erg.ca 2pec-l
Feleased up to the height of 100 km (2.10~5 .

$icle sec). '

electron volts/par-

comqmnth_,noucuuo heating of the atmosphere by

th

® corpuscular strean can de provided during an orde

hour. ‘ T
‘ Note
" o
1961 and 1962 the suthors evaluated temperature
from twilight flash of helium A10830 £.

A Pabdry-pe
: ry-Perot
talon with an image converter was used.

Oue of the

pie
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Ve photographs is shown in Pig.5. The width of the helium :
‘ 1ine component is no larger than 0.15 ingstrda (23,24). . - hpﬁl
This method was used in epring 1962 to study the Hey ’ _'31.' ‘
line in the nightglow. The width of the geocoroma H s : . Pig-l.  Interfercmetric photograph of the lime ) 5577
line proved to be less than 0.3 £. Observations carried ' i in mleoratt (b ~ 200 m)
out for antisolar point enabled to detect jome decrease of T '2
«2.  Photograph of the line A 6 an
intensity of the H, line in this point which dropped off He graph o ¢ %0 in
At surors of moderate int .
i sbout to halve (taking into account tropospheric scattering). R Tpe orate intensity
. ‘5 f | Pig.3. Photograph of the line A 6300 8 1n a brignt

A type auroras

Mge.4.  Photograph of the laboratory source (yellow
1ine of krypton).

Pig.5. Interferogram of the line He A10830 £
in twilight.
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. RBLIUM IN THE UFPER ATWOSIHERE
. - measured intensity ot‘sﬂ& £ emission was estimated st
N.N.3hefov T
Yrg 13 Rayleighs. Thie intensity is lower by one order of magni-
Institute of Physics of the Atmosphere ‘

3 ' tude than the intensity estimated ¥y Shklovsky and by one :
UeS.S<Re Academy of Sclences g ’ i
order higher than the intensity calculated dy Brandt (3). .
Moscow ¢

Yor a1l that, the detection of helius emission,
- 21083 £, remains the most interesting feature. Heliun was
Sumnary long ago known to exist in the atmosphere,but its content in

I S

. ; She upper stmosphere,beginning from the first computations
The paper deals with the excitation of helium emission made by Jeans (4) and until recently (5-8) could be determined’
. . i !
in the upper stmosphere. Emission 0£210830 £ 1o observed ' enly by purely theoretical calculations and on the Basis of i
i only in sunlit st ph and . ‘ i .
i PP dus to fluorescence : ! different assumptions of its origin in the terrestrial 3
. The excitation of helium emission, A 10830 £, essentlially !

i ! stmosphere. Many attempte have been made to discover helium
depends on ultre-violet solar radiastion with Q<304 £ and ' .

3ines in the visible region of the spectrum,of surorse and .
)584 f. The paper exsmines varieties of this redietion.

—

all of them have failed. It was not until image converters

. came into use that it became possidle to observe helium enission,
During the IGY and in the period that followed the : ‘ ’ )108” ’. for the first time in an surors on Pebrusry 10-11,

Tratitate of Fhysics of the Atacsphers of the 0.3.3.R. ' 1958 (tircmeret al.) (12,13). Later,Pedorova (14,15) who t

Academy of Sciences hes been engaged in research into the asde systeastic observations of surorae discoversd new evidence

4n support of this pb .
A twilight enhancement of helium emission 110830
oxygen emission were undoubtedly among the most interesting

4n the sbsence of aurora was observed by the suthor with the
pb we had ion to detect. The oxygen line of

problem of the upper atmosphare emissionfDisplays of
twilight enhancement of A10830 § helium and A8446 2

help of s spectrograph (16-19) snd by Shcheglov who used

A08446 1 was observed at Zvenigorod during long summer s Fabry-Perot étalon (17-21). We have also succeedsd in

twilights with an exposure of sbout two hours in unperturbded i

pecording helius emission during the solar eclipse on Pebruary
magnetic conditions (1).

15,1961, when observations were emductodrhon an urer‘!ft ‘

The existence of this emloelon which appears in (Shuiskajs) (22).

fwilight as & result of absorption of the L,

solar line
by stomic oxygen was predicted by Shklovaky (2). The mean

e —— - P . ) ) e
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ofA5875 & was present in the surors on Pebruary 10-11,
1958, its intensity ;sould not be over 10 Rayleighs as it
follows from the published spectra (12), whereas the intens~
187 0£ 10830 § 10 very high. Besides, the helius emission
of )1061) £  should have been present also in the atmosphere
which was not flluminated by the sun which was not the case.
Por this reason, the role of the process of helium excitation
exanined by Malville must be very insignificant.

’ The lifetime of the 23P excited state initiating the
radiation of chuhoa;o £ 1ine may- be determined only by
the probability of & spontaneous transition to the 2)s
state. Therefore,the number of transitions 275 - 23p due
to rediation absorption should equal the number of transitions
2% - 2% with the restation of the 120630 £ 1ine
(Table 1). The iutensity of the omission 110830 £ in
twilight amounts to about 1,000 Rayleighs while in aurora
1% can reach several tens of kilorayleigha. This !:- in good
Sgreement with the population in the 275 belius metastable
level having from one to several tens of metastable atoms
per .cubic centimetre.

Exsaination of the entire comdination of the processes

Mm the excitation of the metastable gtate of helium,
2’8. bas shown that the priority belongs to the following
two procnau‘; excitation by electrons with an energy of

about 25 ev and excitation due to solar radiation in A584 £

Pt

e

.

3

-3-

Onfortunately, information on the observations of
25875 & helium emission (23,24) spparently leaves cut
of account the blending effect exerted on )5875 |
emission by the hydroxyl band branch (8,2). According to
Pedorove (25), the intensity of helium emtssion 410830 £
in sunlit surora shows a certain counection with the solar
sotivity. ’

¥e know that helium emission £ 110830 § 1s observed
only when the sun illumines the upper layers of the atmos-
phere both during aurorse and in ordinary twilight with
absens of surorse. In this case the intensity of the
“resonance” line, 210830 £, 18 rather high while the intens-
1ties of the sudordinate lines are so negligidble that nodody
can so f.-r claim to have discovered them suthentically.
211 this undoubtly indicates to the fact that helium emission
u)me;o R can be caused only bty a f1 c
of belium atoms in the 23 metastadle state in solar
radietion (26-28).

_The process of excitation ofA10830 R emiusion by

helium stoms with an energy of about 256 kev was examined
by Kalville (23). The value of the relstionship of the
A10830 § and 45875 § 1ine intensities he has calculnted
(0.09) disagrees with the observation data because A5875 R
emission has never been registered for certain. According
to the computed value (0.09),ite intensity may reach several
thousand kayleighs in surorase. Howsver, even if the emisalon
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and 2537 £ 2ines of helium. Blectrons with en energy of

sbout 25 ev may appear in the upper atmosphere as a result
of the ionisstion of atmospheric atoms and molecules by
electrons with an energy of about 10 kev and the ultra -
=violet solar radietion with J < 304 % (29,30). Blectrona
with an energy of about 10 kev have been already discovered
by means of rockets and artificial satellitns (31-36). The
intensity of the ultre-violet solar radiation has been 1like-
wise repeatedly determined with the help of rocksts (37-38).

A system of stesdy-state equations has been devised
for computing the Anhnl&hl of various helium lines. The
oalculations involved only the first five excitation levels
of orthohelium and parahelium. The effective excitation

cross-section of the 238 le‘ll;lbl. level by electrons with .

" with an energy of about 25 ev was taken from Schultz's dats

(39) and for the other levels from Allen (40) and Yakhontova

(41). Bxchenge transitions of helium atoms fram the 21§

state to the 2’8 state possess a large effective cross-sec-

tion during collisions with ordinary "thermal® electrons.

Kondratiev (42) and Smith and KHuechlits - (43) estimate this

effective cross-section at ~ 3.10"1%2%. This inadver-
tently promotes the role of the resonance excitation, by
solar redistion in the 1584 § and A 537 & 1lines, of the
parahelium levelc, 2P and 3'P, from which the helium
atoms cen be transferred with radiation to the 213 level.
Bxchange transitions between higher ninglet and triplet states

of helium during collisions with electrons and helium atoms

-6

in the ground state also have largs effective cross -
=gections. These processes have besn studied by Lin and
Fowler (44) end John and Powler (45). However, the n'P 1eyele
are less populated in condition of the terrestrial atuosphisre,
Por this reason, the role of exchange transitions from a}}
parahelium levels, except for 2'S, will be negligible.
Incidentally, thie is confirmed by the absence of A 5875 ﬁ
enission.

The solution of the system of steady-state equatf.;,

- has yielded for helium the dependence of the population of

the 2’7 level and, hence also the intensity of the

210830 § emission, upon the content of electrons with an
energy of about 25 ev in the upper atmosphere snd the intupsyty
of the ultra-violet solar radiation (18, 13, 46) (Tabdle 2),

The functions ?’ ; and P describe, respectively, ihe

role of the processes of sxcitation by electrons with an
energy of about 25 ev and the processes of recombinstion a4
ultra-violet solar rediation in 1584 & snd A537 R. Sipge
the degree of helium ionisation up to 2,000 km is of the geder
of 1077 (47-49) and the electron density 1s close to
10* ca™? the effect of the recombination processes can beg
frequently meglected. The functionY which determines tha
role of the ultra-violet solar radiation is directly
proportional to the intensity of the A584 & and A 537 R
1ines when the concentration of ordinary “thermal™ electying

exceeds 10°ca™).  The tunctions Qund ¥ aleo depend an the

e ST s

e e ettt g L b st 1 s o s

-
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elactron concentration and the teaperature in the upper

- atmospbere which are the factors determining the effect of the
processes of electron exchange when paraheliua passes into
orthohelium.

Bowever,the tmpa;‘-m:: of the terrestrial atmosphere
differs in the wavelengthe A584 & and A < 304 R. Aveorption
in the wavelengths A <304 £, and also in 2584 § far from
the centre of the line, will be brought sbout by the photo-
ionisation of oxygen atoms and nitrogen molecules. The
heights of layers, which correspond to an optical thicknesa
equal to unity,in the wavelengths 584 & and J <304 &
will be 350 km and 300 km, respectively, at an oblique incidence
oF rays. The heights corresponding to a ten-fold attenuation are
estimated at )00 and 250 km. The effective values of photo-
ionisation cross-sectiocus were taken from Dalgarno and

" Parkinson (50). In the centre of the 4584 £ 1line the absorp-
tion will be also effected by helium atoms. Inasmuch as the
sbeorption coefficient at T s 1500°K 1s sbout 10"Jca?
(51,52) the atmospheric layer will be optically thick when the
sun rays fall oblique. It is extremely difficult to solve the

" prodlem of the diffusion of resonance redistion 1a an optically
Shick medium for a spherical atmosphere in the case of slmost
pure scattering--this problem still awaits ita solution. For
@ plene ~ parallel medium the problem was investigated for some
llllua.‘ cases by Ambartsumyan (53), Sobolev (54) and Chandra-
sekhar (55). Eramdt exemined only the diffuse reflection of

radiation A584 £ (56). It stands to resson,however, that the

volo of 2584 & and 1537 %  eatssions in the excitation

of the 235 bhelium metastable state will be quite impressive
ad the heighto of 1,000 ku and more. At lower heights the
helium atoms will be excited by electrons with an energy of
about 25 ev which appear durlug photoionisstion by solar
sediation with 3 <304 & (46). It should be noted in this
sonnection that the role of 1584 £ redistion evalusted
earlier (18,19) wao apparently t exsgge
40 arrive at the final solution the problem of the diffusion
of A 584 R rediation should be studied in greater detail.
b that the p of

ver,

We have pointed out el
trial
The study of the esrth's satellites scceleration (57) made

helium in the was kmown long ago.

44 possidle to specify more sccurstely the data of atmospher-
1o density (58), which were obtained on the basis of the
helium dissipation theory. Observations of helium emission,
A20830 %, yield almost identical resilts. Eowever, the
following is far more important. As has been sbown,ultra -
=ylolet solar radiation is an essential factor in the
processes of excitation of A10830 £ helium eatssion.-Por
Ahie resson, the investigation of the eatosion, A 10830 %,
allows ordinary ground obser.ations of solar radiatiom with
A54 2 and 3<304 2 to de undertaken..

The problem of variations in the ultra-violet sclar
radiation is not yet completely solved both from an experi-
mental and theoretical points of view. Analysis of the
dats provided by rocket rescarch,including L* spectrohelio-

grams,leads us to the following cunclusions (53).
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1. The temperature of the effective radiation lnyer
10 of the order of 20000%k.

2. The teaperature in the active and unperturbed
regions of the sun is almost the same.

3¢ The density in the sctive regions is spproximately

by less then an oxder of magnitude higher than in the quiet regions.

mexxisos §

- belium lines

4. The total solar radistion flux in the Ly line
can change negligibly (by two or three times) during the
entire cycle of solar acﬂv‘lty.

These assumptions conc;r.ning the pature of the active
regions agree generally with the model of the chromosphere
devised by Ivanov-Kholodny and iiikolsky (60). It follows
therefore that if the radiation of the 3.11584 x and spparently
which forms,like Lg , in sn opticslly thick layer,
arises in the same cases as L o , then the variations of the
intensity of these 1lines should be‘ of the same oxrder
of magnitude as for L, « The same is true of L,- -!or this
reason the active formations on ap?ctrohcuogrm in the
may be expected to vary $-10 tinmes.
Hence, the variation of the total radiation flux should de
on an average 2 to 3 times even if the area of active
formationa proves yi‘tor than that obgerved on L spectro-
heliogrems.

Mstters appear quite different as regards the study
of the sun in the reion with A < 300 £. The lines in this

spectrum Tegion arise in an optically thin layer (52).
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Since the intensity of the lines in this case is proport-
ional to the aquare of the electron denaity the locel
brightness of the disturbed areas on the sun in these lines
may be higher by tas orderas of masznitude than in quiet areas.
Therefore,the total rediation flux with A <300% can vary

Jess then an oxder On the basis of these data it can apparantly

be expected that colar radiation will de correlated with the
sres of the faculae (59).

In this way,taking into account the anticipated
variations of the ultra-violet solar radiation,it can be
assuned that in surora electrons with an energy of about 10
kev and a solar radiation with A< 304 £ can meke a
commensurable contrjbution to the formation of electrons
with an energy of about 25 ev. During ordinary twilight end
by day under quiet conditions the ultra-violet solar
radiation with A(JO‘ 2 winl spparently maske a decisive
contribution to the intensity of the )10830 f emission.

: The author is indebted to Profeasor V.I.Krassovsky
for his valuable advise and constant interest throughout
the prodlea.
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Table I

nz,s v.w,ﬁ- A-n«a%

I-A.nzzy.ﬂﬂ.
I
‘235 - wgB.}l“.

w = dilution factor,

A.B—Bin-iaig transition values,
@ — density of A 10830 f solar rediation,
Bu.—hclght of homogeneous atmosphere for helium,

I -— 210830 § 1line intensity in quanta
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Table 2

» + + +
22 .5 a- MY q-:—-§+(1-;ﬂ-.)y
]

By Bo o
By === full concentratios of helium,
n® --- concentration of l'e' ions,

P --- flux of electrons with an energy of about 25 ev.
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